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ABSTRACT 
Alle l op athic inte rfe renc e s eems to b e  an imp ortant 
mech anism in the maintenance and p e r s istence of s outhe rn 
Appalachian heath b ald c ommun i t i es . Comp a r at ive analy s e s  
we re condu c t e d  o n  two heath b al d s  l o c a t ed i n  t h e  B al s am 
Mountains o f  we s t e rn N o rth C a ro l ina to di s t in gui sh phyt o ­
t ox i c charact e ri s t i cs that enhan ce pers is tence . Fie ld 
s tudi e s  reve al e d  that one c ommuni ty was a mixed he ath b a l d  
dominat e d  by Rhododendron c at awb i ens e and the s e c ond re ­
s emb le d  an i mmature spruce - rh ododendron fore s t  h e ath 
dominat e d  by Rho dodendron maximum and Picea rub ens . 
C a ffe i c  a ci d, gall i c  aci d , genti s ic a c i d , hydroquinone, 
p -hydroxyb enzoi c  ac id , 2 -p inene , ph l orogluc ino l , rhododen ­
dro l , and vanill ic ac i d  we re i s olate d  and ident i fi ed from 
canopy drip , le ave s ,  l i t ter , root s , and s oi l  of the two 
he ath b alds . Bioas s ays run wi th aque ous le achates  of he ath 
b al d  l i tter and s o i l  produ c e d  varying de gre e s  o f  radi cle 
re duction in thre e te s t  s p e c i e s . Long-t e rm inhib i t ion by  
he ath bald  so i ls was c o n fi rmed in gre enhous e expe riment s . 
F i e l d  s tudie s demonst rat e d  that environment a l  forces i n ­
cre as ed  t h e  a l l e l op ath i c  e ffe ctivene s s  of  he ath b a l d  s oils 
on s e edling growth and s urvival . 
Influx of  s e e d  from the surroun ding fo re sts  was 
suffi cient to s us t ain inva s ion pre s s ure agains t b o th he ath 
b a l ds . 
i i i  
iv 
All e l op ath i c  int e r fe rence de l ays suc c e s s i onal  re­
p lacement o f  Rhod odendron max imum h e a th b alds  by part i al ly 
supp res s ing the e s t ab l i s hment and growth o f  for e s t  comp et i ­
t ors . He ath b al ds dominate d  by Rho dodendron maximum canno t 
maint ain thems e lve s  and repre s ent t ruly succ e s s ional com­
muni t i e s . 
Rhododendron c a t awb iense h e ath b al ds repre s ent s t ab l e  
c ommun i t i e s  that emp loy a l le l op athic  int e r fe rence t o  arre s t  
succ e s s i on and maint ain thems e lve s .  Communi t ie s  of  th is 
t yp e  can b e  exp e c t ed to p e rs i s t  in the s outhe rn App alachian 
fore s t s . 
Inve s t igati ons o f  s outhe rn Appal ach i an he ath balds  
reve a l e d  that the s e  c ommunit i e s  are more diverse  and mo re 
invo lve d in the succe s s ion of the regional ve ge t a t i on than 
h as b e en p revi ous ly re co gni z e d .  
Key words : al l e l op athy , int e r fe rence, he ath ba l ds, 
phyto t oxins , inh ib i t i on, pers i stenc e , s t abi l ity , res i l i ence , 
Rhododend ron, K almi a, pheno ls,  App alach ian , s eed rain , 
litterfall, root b i omas s , succes s i on . 
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CHAPTE R I 
INTRODUCTION 
The shrub he ath c ommun i t i e s  o f  the southe rn Appalach i an 
Mount ains pres ent a l oc a l ly unique phys i ognomic and e c o lo gi ­
c a l  cont ras t t o  the s urrounding fores ts . The d i s c ont inui ty 
that the s e  shrub s imp o s e  upon the fores t p r o fi l e  is so d i s ­
t inct that t hey are re ferre d  to l o c a l l y  as " s l i cks" or  
"b alds . "  Cain ( 1930)  fo rmal ly prop o s ed the t e rm "heath b a l d" 
to des c rib e a l l  t re e le ss are as of the reg ion dominat e d  by  
p l ant s o f  the order E r i c a l e s  ( E r i c ace ae) . 
Heath b al ds occur ove r  a b road range o f  e le va t ions , 
topographi c  pos i t i ons , and geol o g i c  s ub s tra t e s  within the 
s outhe rn App al achians . The i r  frequency in th is re gion s u g ­
gests an ab i li t y  t o  sus t ain shrub dominance against  fo rest 
encroachment through an int e r fe rence mechanism . 
Inte r fe renc e , as des c rib ed by  Mu l l e r  ( 1 9 6 9 ) , emb race s 
al l forms o f  reac t i on by one plant that de l e ter iously a ffe cts  
anothe r .  The conc epts  o f  a l l e lopathy and c omp e t i t i on have 
b e en inco rporated  into thi s  de fini t i on as mutual ly exc lu s i ve 
sub s e t s  of  the me chanisms o f  int e r ferenc e . These mechanisms 
are di s t ingui shab le  by  addi t i ons o r  d e l e t ions t o  the envir ­
onment . Al l e lopathy di ffe rs from compet i tion by requi ring 
the int roduct ion of phyt o t oxins rather  than the preemp t i on 
o f  a vital r e s ourc e . 
1 
2 
Expre s s i on of  int e r ference by he ath b a l d  c ons ti tu­
ent s i s  l ik e ly to b e  the r e s ult o f  comp lex int e rac t i ons 
amon g  al le lopathic and phys ical  environment al  fac t ors . 
Al l e l op athi c  inte r fe renc e i s  sug ge s ted by  the b road  e c o l o g i ­
c al amp l i tude of  he ath b a l ds and the ir s imi l a r i ty t o  o the r 
s c le rophyl l ous shrub c ommun i t i e s  o f  demons t rate d  al l e lo ­
path i c  inte rfer ence (Mul l er et  al . 1 9 64 ) . 
This  work t e s ts the hypothe s is that h eath b alds  can 
pers i s t  as dis t inct ent i t i e s  throu gh al l e l opath i c  int e r ­
ferenc e . The inve s t i gat ion was des i gne d t o  evaluat e 
individual he ath b a l d  spe c i e s , the i r  int era c t i ons , and the i r  
accumul ative e ffe c t s  i n  p roduc ing a l l e l opat h i c  int e r fe renc e s . 
Two d i s t inc t ly d i f fe rent he ath b al d  c ommuni t i e s  s erved as 
c as e  s tu di e s  for this  inve s t i gat ion . Fi gure 1 pres ents the 
conc eptual model used to de fine the maj o r  area s  of  inve s t i ­
gat i on on b ot h  he ath b al d  commun i t i e s . Potent i a l  s it e s  o f  
phy t o t ox in ori gin , transpo rt , t rans format ion , an d res i denc e 
were examine d for one ye ar t o  document the b i ochemi cal 
dynamics of each bald. Statistical analyses were conducted 
b e tween the t e s t  cases  t o  i d ent i fy tho s e  mechani sms that 
cou ld contribute t o  the maint enanc e ,  s t ab i l i ty , and pe r­
s is t enc e o f  the communit i es. 
The imp l icat i ons of a l l e l opathy in s tab i l ity and suc ­
c e s s i on theo ry we re examine d for b oth general and spec i f i c  
case s .  The dynamics  o f  the two t e s t  cas es  are exp lored in 
l i ght o f  the re cent changes in succ e s s ion t he ory . 
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F i gure 1. Concep tual mod e l  o f  p otent i al phytotoxin 
s ources , trans p o rt me chan i s ms , and l oc a t ion� o f  al l elo ­
pathic int erferenc e . Th i s  mod e l  includes on ly tho s e  c om ­
p onents se l e c t ed for this  inves t i gat i on .  
CHAPTER I I  
ALLELOPATHY AN D  COMMUNITY STAB I L I TY 
The relat i onship b etween al lel op athy and s tab i l ity 
in  p l ant c ommun i t i e s  has  b e en exp lored  by Mul ler ( 1 9 69, 
1 9 7 4 )  and Whi t t ake r ( 1 9 70, 1 9 7 5 ) . Al l e l opat hy was des crib e d  
a s  a b io chemi c a l  advant age that enab l e s  a s p e c ies o r  com­
munity  of  acc ommodat in g spec ies t o  attain and sust ain 
dominance over potent i a l  compet i to rs . By dimin i s h ing the 
potent i al for invas ion and e s t ab l i shment, al lelopathy c an 
c on tr ibute t o  the s t ab il i ty o f  the p lant community . The 
conc ep t  o f  c ommuni ty s t ab il i ty is  int e rpreted he re in the 
b roader c ontext o f  succes s i on and cl imax theory . Thus, 
s t ab i l ity is c on s i dered a h omeo s t a t i c  s t ate  that emphas i zes 
maintenance o f  a s tatic  or equil ib rium condit i on .  
The s tat ic approach t o  s t ab i l i ty has been c ri t i c i zed 
for i t s  inab i l i ty to des c ribe trans ient behavior  of ec o l o gi ­
cal systems that are not nea r  equi l ib rium (Ho l l ing 1 9 73) . 
Recent approaches have been proposed that cons ider s t ab ility 
as a charac teri s t i c  o f  the dynamic  propert ies o f  an eco ­
system .  The se dynami c al ternat i ve s  attempt to  define sys tem 
s t ab i l i ty b y  mathemat ical  analys i s  of  ec osystem models 
(Van Vo ris  1 9 76) . 
Lack  o f  a gene rally re cogni z e d  definit i on o f  ecol o gi ­
c a l  s t ab il ity  has res ulted in many di fferent interpreta t i ons 
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o f  the term (Van Vo ris  1 9 7 6 ) . To avoid  s ome of  the di ffi ­
cult i e s  a s s o c i a t e d  wi th the s tati c  app roach, the contemp orary 
language o f  sys tems wi l l  b e  use d  t o  des cr ib e  b e h avior o f  
he ath b alds . Sys tems l angua ge is  more r i gorous and com ­
p rehens ive than c l as s ical l anguage and shou l d  p rovide a 
b e t t e r  ins trument to  exp l a in c onc ep ts  o f  s t ab i l i ty . 
Ho l l ing ' s  ( 1 9 7 3 )  d efini t i on o f  s t ab i l i ty is  "the 
ab i l i ty of  a sys tem to return to an equi lib r ium s t ate  fol ­
l owin g  a tempo rary dis turb anc e . " The regi on within wh i ch 
equi l ib rium oc curs has b een t e rmed by h im as the doma in o f  
attrac t i on .  In  h i s  de fin it i on , s tab i l i ty i s  de fine d a s  a 
p rope rty o f  the system and the de gre e o f  fluc tuat i on around 
spe c i fi c  s t ate s , the result . 
Ho l l in g  ( 19 7 3 ) als o prop o s e d  another me asure o f  ec o ­
system b ehavi o r , the p r op e rty o f  res il ienc e , that can con­
t r ibut e to the int erp r e t at ion o f  s t ab i l i ty .  Res i l i ence was 
de fin e d  as the ab il ity o f  a system t o  ab sorb change and 
dis turbance wh ile  s t i l l  maint aining the s ame re l at i onship s 
b etwe en populat i ons or  s t ate vari able s , and s till pe rs i s t . 
In h i s  de finit i on , re s i l ienc e is  de fined as a p roperty o f  
the sys t em w i th p e rs i s t enc e b e ing the resul t . 
I t  i s  not the int ent o f  thi s inve s t i g at i on to  deve lop 
a mathemat ical  mod e l  d e s c rib ing the role  of al l e l op ath ic  
inte rferenc e in  the  s tab i l i ty and pers is tenc e o f  s outhe rn 
App al ach i an he ath b alds . Rathe r ,  t ermino l o gy from dynamic  
s t ab il ity conc epts  wi l l  be  us ed  to examine the  re l at i onships  
b e tween all e lopathy and e c o s ys t em b eh av i o r .  
CHAPTER I I I  
ALLE LOPATH I C  EXTRA- METAB OL I TE S  FROM KALMIA 
AND RHODODENDRON 
H i s t o r i c a l  rec ords o f  wes te rn c ivi l i z at i on affo rd 
numer ous re ference s  to the t oxic  nature of the E r i c aceae . 
Aza l eas are no t ed for the i r  d e l e t e rious e ffe c t  on human 
heal th and l aure l s  are known as t ox i c  forages . 
De s c ript ions o f  ericaceous t ox i ci ty c an b e  t rac ed 
t o  ant iqui ty ( Le ach 1 9 7 2 )  via the wri t ings of Pl iny (301 
B . C . ) , Strab o  ( 6 6  B . C . ) , and Xenophon ( 401 B . C . ) . One o f  
the earl ie s t  and mo s t  luc i d  account s o f  rhodo dendron 
tox i c ity c an be found in the Anab as is , B k .  IV of Xenophon. 
The s ub j e c t s  we re 10 ,000 Gre ek s ol die rs-o f - for tune encamp e d  
ne ar  T reb i z ond on the B l ack S e a  c oas t o f  Turk e y .  The fo l-
l owing is a p ort i on o f  th is  chron i c l e : 
As the re were a great many b e e - h ives ( in the sur ­
r ounding vil lages ) , the s o l di ers  did  not spare the 
honey . They were taken with a vom i t in g  and 
purging , at t ende d by a del i r ium , s o  that the l e a s t  
a ffe c t e d  s e eme d l ike men drunk , and others like 
mad men , o r  peop l e  on the po int o f  death . The 
e arth was st rewe d with b o d i es . as a ft e r  a b a tt l e; 
not a p e r s on , howe ver , died , and the di s o rder  
c eas e d  the next day . abou t  t he s ame hour t hat i t  
b egan . On the thi rd and fourth days , the s o ldi e rs 
ros e , but in t he cond i t i on p e o p l e  are in aft e r  
t ak ing a s trong pot i on (B art on 1802)  . 
Account s o f  North Ame r i c an or i g in prove equally  enl i ghtening : 
The kalmi a l at i fol i a .  known in the Uni t e d  S t ates  
by the  name o f  l aur e l , great - l aure l , winte rgre en , 
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spoon-haunch, sp oon -wood , e t c . is  al s o  p o i s on .  
I t s  leave s , inde e d ,  are eaten , wi th impuni ty , 
by  the de e r , and by the round -horned elk . But 
they are p o i s onous t o  she ep ,  t o  horne d c at t l e  
and t o  hors e s . I n  t h e  forme r o f  the s e  animal s, 
they produc e convul s i ons, fo aming at the mouth, 
and death (B art on 1 8 0 2 ) . 
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The potent i al adve rse  b io l o gic al effe c t s  po s e d  by 
memb e rs of  the E r ic ac e ae re sult e d  in nume rous analy t ic a l  
inve s t igat ions . A s ing l e  c ompound , thought t o  b e  the char ­
acteri s t i c  t oxin o f  the orde r ,  has b een i s o l a t e d  and 
ident i fi e d .  The c ompound has b e en as s igne d s e ve ra l  name s 
with acetyl andromedol (Ta l l ent et  al . 1 9 5 7 ) , androme dotoxin 
( Wood  e t  al . 1 9 5 4 ) , and grayanotoxin ( Kak i s awa et  al . 1 9 6 5 )  
among the mos t  common . For the purp o s e  of  thi s di s cus s ion , 
the term andromedot oxin i s  pre fe rr e d .  S t ructur a l  ana lys e s  
o f  andromedo t oxin  indicate  a t e rp eno i d  c ompound , spe c i fi ca l ly ,  
a toxic  dit e rpene (Harb o rne 1 9 7 3 ) . 
B i ochemi c a l  surveys of  t he genera  Ka lmi a and Rho do­
dendron reve al o t he r  comp ounds that may produc e adve rs e 
b i o l o g i cal e f fec t s . B o th gene ra cont ain repres entat ive s o f  
s uc h  import ant chemical  groups  a s  pheno l s  and phenol i c  a c i ds, 
t e rpeno i ds and s t e roid s , and t oxic g l yc o s ide s . 
Within the phenol ic grouping gall ic ac i d  ( Rice  1 9 6 5 ) ,  
hydroquinone ( Chou and Mul le r  1 972 ) , and que rc e t in ( Grummer 
1 9 6 1 )  are reco gni z ed phytot oxins . The terp enoid and s teroid  
group is rep res ent ed b y  S- c aryophyl l ene ( Grummer 1 9 6 1 ) , 
2 -pinene (Mul l e r  and Mul l er 1 96 4 ) , camphene (Mu l l e r  and 
Mul le r  1 9 6 4 ) , a. - phel l andrene ( de l  Mor a l  and Mul l e r  1 9 7 0 ) , 
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and l imonene (Asplund 1 9 6 8 ) . Glyc os ides  with demons t rat e d  
toxi c i ty or  precu rs ors  t o  phyt ot ox ins inc lud e arbut in 
( Winte r  1 9 6 1 ) and phl oridzin (B orne r 1 9 5 9 ) .  Othe r re ­
ported compounds o f  undetermined phyt otoxi c i ty inc l ude 
p iperine , urs o l i c  aci d ,  and pyrocatech o l  (Me rc k  Index 1 9 6 8) .  
The exis tence o f  p o t ent ial  and demons t rated phyto ­
tox ins in spe c i e s  o f  Ka1mia and Rhod·odend·ron sugg e s t s  t he 
c apac i ty for all e l op at h i c  int erfe renc e in the s e  gene ra. 
CHAPTE R IV 
S ITE DES CRI PTI ON 
I .  LOCAT I ON AND TOPOG RAPHY 
The heath b al d  communi t i e s  s e l e c t ed for inve s t i gat i on 
oc cu r  w i th in the s outhern s ec t i on o f  the B l ue Ri dge Province 
of the Appal ach i an H i ghlands ( Fenneman 1 9 3 8 )  in th e B a ls am 
Mount a ins o f  H aywood County , North Caro l ina . The communi ­
t ie s  are adj ac ent and l o c at e d  on a s outhwe s twa rd s loping 
l e ad e r  o f  Wat e rrock Knob (mountain) , at l oc at ion 3 5 ° 2 8 ' N ­
W8 3 ° 8 ' 3 0" . The ridge is  cut in h a l f  ups lope by  the B lue 
Ridge Parkway at mile  3 5 2 . 3 .  The balds  occur at e l evat i ons 
b e tween 1 6 7 5  and 1 7 0 0  m ( 5 5 0 0  t o  5 6 0 0  ft ) . S l op e s  range 
from 3 0  t o  6 0  percent over much o f  the area wi th s t eepne s s  
dec reas ing ne ar the cre s t . 
The two he ath b alds were des ignat e d  s i t e s  A and B .  
S i te A o c cup ied  a pos i t i on di re ctly  up s lope from B .  The 
ident ity of s it e  A was p e rc e ivab l e  for 1 00 m along the c re s t  
o f  the ridge , for SO m down the s outh - facing s l ope , and for  
8 0  m down the  north-fac ing s l op e .  S i t e  B was c l ea rly 
ident i fi ab l e  fo r 2 0 0  m al ong the crest  and for 1 0 0  m down 
the s outh - facing  s l op e ; the b ald did not extend b eyond the 
c re s t . A z one of int e grat ion , approx imate ly 2 0  m wide , 
s ep arated  the two b alds  and was di s t inguishab l e  by  its  
heterogene ous as s emb l age o f  dominants from b oth communi t ies . 
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I I .  C L I MATE 
1 0  
Emp l oying the 1 9 4 8  Tho rnthwai t e  climat i c  c l as s i fi c a ­
t i on s cheme , the Wat e rrock Knob vic inity at e le va t i ons b e ­
tween 1 6 0 0  and 1 8 0 0  m may b e  cat e go ri z ed as microthe rma l 
perhumid .  At e le vations o f  1 5 2 4  m in the ne i ghb or ing and 
more thoroughly inve s t i gated Great Smo ky Mount ains , Shanks 
( 1 9 5 4 )  c las s i f i e d  the c l imate as prehumid. 
The c l imat e of  the re gion (including the Great  Smoky 
Mount a ins and the B al s am Mounta ins)  is thought t o  b e  influ ­
enc e d  by d i ffe rent weathe r patterns in e ach o f  the four 
s e as ons ( S tephens 1 9 6 9 ) . S eas onal p re c ip i t at ion pat terns 
are charac t e r i z e d  by max ima in l at e  wint e r - early sp ring 
w i t h  a s ec ondary peak in July . Minima occur in the autumn , 
e spec i al l y  dur ing the month o f  Oc tob e r ,  with a s econdary 
minimum in the month o f  May ( S tephens 1 9 6 9  and Weaver 1 9 7 2 ) . 
Pre c ip i t ation mea s urement s we re tak en on -s ite. Thre e 
c o l l e c tors  wer e  ins ta l l e d  at random a l ong the cres t o f  
s it e  B .  E ach c o l l e ct or c ons i s t e d  o f  a 1 5  em diameter  
c a tchment s us pended ab ove the canopy and c onne c t e d  to  a 
bur i e d s tora ge re s e rvo i r .  At two -we ek int e rva l s , the 
r e s e rvo i r  vo lume was me asured  and a 1 5 0  ml sub s amp l e  t aken. 
The ave rage monthly prec i p i t at ion of  all  c o l l e c t ors  is 
pres ent e d  in Tab l e  1. 
Prec ip i t a t i on on - s it e  and in the vi c ini ty o f  the study 
areas was found t o  be both  amp le and we l l  di s t ribut ed  during 
the c our s e  of the inve s t i g at ion . Pre c ip it at i on dat a gathered 
TAB LE 1 
MONTHLY AND ANNUAL PRE C I P I TATI ON RECORDE D ON S I TE 
AND AT TVA STAT I ON 1 9 0 , HAYWOOD GAP, NORTH 
CAROLI NA FROM FEB RUARY 1 9 7 3  THROUGH 
JANUARY 1 9 7 4a 
On S i t e  Haywo od 
Month (ern) (ern) 
Feb ruary ( 1 9 7 3 ) 2 7 . 8  1 1 . 7  
March 2 1 . 8  39 . 6  
Apri l 2 9  . 1  1 6 . 6  
May 2 5 . 8  2 7 . 2  
June 1 8 . 1  1 9 . 4  
July 9 . 2  9 . 5  
Augus t 9 . 2  5 . 9  
Septemb e r  8 . 8 9 . 4  
Oc t ob e r  5 . 4  7 . 7  
Novemb e r  1 9 . 6  2 6 . 3  
De cember  2 5 . 3  2 8 . 3  
January ( 19 7 4 )  2 3 . 6  2 4 . 5  
Tot al  2 2 3 . 7 2 2 6 . 1  
asit e  data rep r e s ent an ave rage o f  three  
c o l l e c t o rs . 
1 1  
Gap 
1 2  
on-s i t e  approximat e the value s  re po rt e d  for the Tenne s s e e  
Valley  Author ity ( TVA) monit or in g  s t a t i on a t  Haywood Gap , 
N o rth C arol ina (St at i on No . 1 9 0) . Compari sons o f  the s e  
dat a  are avai l ab l e  in Table 1 .  Thirty-nine ye ars o f  data 
from the TVA s t at i on indicate  annual average pre c ip itat i on 
was 1 9 5 . 4  e m .  During the h i s t ory o f  the TVA ope rat ion, an 
annual pre c ipit at i on max imum of 2 8 7 . 8  em was rec o rd ed in 
1 9 5 7  and a minimum of 1 1 6 . 6  em no t e d  in 1 9 4 1 . Snow fall 
data were not ava i l ab l e  from the TVA s tat ion , but studies 
of s imilar elevat i ons in the Great Smoky Mount ains ind i c a t e  
value s o f  2 5 - 2 6 days pe r year  of snowfall may b e  reas onable 
( S t ephens 1 9 6 9 ) . F rom the s ame study, the g re at e s t  numb e r  o f  
snow days oc cur red  dur ing March wi th snows b eing re c orded as  
early as Oc t ob er and as lat e  as Apri l .  Snow cover was re ­
ported t o  pe rs is t for approx imat e ly SO days per ye ar . In 
the Wat e rrock Knob are a , snow accumula t i ons were noted on  
s ix o c c as ions dur ing the  s tudy per i od . On on ly one o c c a s i on 
was accumul at ion greater than 1 0  em . 
Curs ory t empe rature me as urement s were t aken at e ach 
s ite  with the s e  data  pres ent ed in T ab l e 2 .  The on - s it e  
dat a and informat ion obt ained from the TVA s t at ion indi c a t e  
that t h e  summe r months a r e  c o o l  and the winter months are 
rel at ively c old but no t s eve re . T empe rature dat a  suppl i e d  
by  the Nat ional Oceanic  and Atmos phe ric  Admin i s t rat i on 
(NOAA 1 973) indi c ate  that mean annual t emperature  range s 
from 1 2 - 1 5 ° C at  this general locat i on and e l evat i on .  
TAB LE 2 
MAXIMUM AND MI NIMUM AI R TEMPE RATURES BENEATH TWO 
HEATH BALD CANOPIES a 
Location 
!:hte A �ht e B 
Month Maxl.mum NhnJ.mum �axl.mum �Iinimum 
Feb ruary ( 1 9  7 3 )  
6 - 1 3  1 1  - 1 3  
March 1 1  - 2  17 - 1 1  
1 1  - 1 1 19  - 1 0  
Apr i l  1 2  - 3  17 2 
1 2  - 1 1  1 2  - 1 1  
May 1 8  - 4  2 0  - 4  
17 0 2 2  - 2  
June 17 8 17 4 
2 0  1 2  2 1  1 1  
July 2 2  8 3 0  1 1  
2 1  1 3  3 0  1 1  
2 0  1 3  2 9  1 2  
Augus t 2 0  1 3  2 8  1 3  
1 8  1 1  2 6  9 
Septemb e r  2 1  1 3  3 1  1 2  
19  7 27 7 
Oct o b e r  17 1 1  2 6  1 0  
16  1 2 5  0 
Novemb e r  1 5  - 3  2 1  0 
1 1  - 1 1 17 - 2  
Decemb e r  1 2  -7 1 8  -8 
9 - 1 4  1 0  - 1 5  
January ( 1974)  1 1  - 4  8 -7 
1 0  - 8  1 4  3 
avalue s  are reporte d in °C at s amp le int e rvals  
of  two weeks. 
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I I I . GEOLOGY 
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Mos t  o f  the ge o l o g i c  format i ons i n  H aywo od County , 
No rth Caro l ina h ave b e en des crib e d  as  b e ing C amb rian o r  
ol der ( Go ld s ton et  al . 1 9 5 4 ) . C arol ina gne i s s  is the 
o l d e s t  o f  al l the fo rmati ons in the re gion and the one 
tha t  unde rl i e s  the s tudy s i t e s . Th is  fo rmat i on has re ­
c e i ve d  re cent inve s t i gat ion by  H adl ey and Goldsmith (1 9 6 3 ) , 
who c on c lud ed  that it  has undergone me t amorph ism  and i n ­
vas i on by gran i t i c  mat e r i als  durin g b oth the Precamb rian 
and the l a t e r  Pal e o z o i c  pe ri ods . The forma t i on h as b e en 
des crib e d  as cons i s ting o f  a hete rogeneous as s emb lage o f  
l aye red  mi cace ous and hornb lendi c gne i s s es, mica s ch i s t , 
and amphib o l i t e  (Hadley and Go ldsmith 1 96 3 ) . Addi t i onal 
di s t inct ions inc l ude nume rous fault s  and j o int s ( Ol s en 
1 9 46 )  and nume rous enc l os e d  b o di e s  o f  int rusive , fine-gr aine d 
gran i t o i d  mat eri als  ( K e i th 1 9 0 7 ) . 
I V .  S O I LS 
Wat e rrock Knob area has b e en mappe d  and des c rib e d  as 
a re g i on o f  s tony mount ain up lands containing predominant ly 
comp l ex e s  o f  Port e rs and Rams ey s o i ls , with p os s ib i l i ty o f  
Bur t on a t  the h i gh e s t  e l evat ions ( Go lds ton e t  al . 19 5 4 ) . 
The pre s ence  o f  Ramsey s oi l s  at h i gh e le vations in B a l s am 
Mount ains has b een que s t i oned by We ave r (19 7 2 ) , who contends 
that shale , quart z it e , s ands t one , or  congl omerate  p arent 
mat e r i als  are not known at the s e  e le vat ions . 
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Port e rs s o i l s , deve l op e d  from grani t e , gne i s s , and 
s ch i s t ,  us ua l ly p roduc e b rown or  dark -brown s ur face s o i l  
(A  hori z on) and a b rown t o  ye l lowi sh-b rown rel at i ve ly open 
and p e rme ab l e  sub s o i l  (B hori z on) . Re l i e f ranges from 
h i l ly to ve ry s te ep ( 3 0 - 6 0 % s l ope)  with nume rous large 
angular rock fragment s  and many b edro ck out c rops . 
B urt on s o i l  is  di s t inguishab le  from P o rte rs and 
Ramsey s o i l s  by its  dark - gray , almos t b lack A hori z on .  The 
B h o r i z on is l i gh t  ye l l ow - b rown fri ab le c lay loam or  l o am .  
Most  o f  B ur t on s o i l s  have b e en no ted  in the h i gh e s t  cove s 
o r  on no rth - facing s lope s and are us ual ly as s oc i at e d  w i th 
the Porters and Rams ey s o i ls ( Go l ds t on e t  al . 1 9 5 4 ) . Re l i e f  
rang e s  from s t rongly s l op ing t o  h i l ly ( 1 5 - 3 0 %  s lope)  with 
only o c c as ional are as o f  s t e ep s l opes . 
S o i l s  b ene ath the he ath b a lds cons i s t  p re dominan t ly 
o f  an organ i c  mantle  that l i e s  a lmos t dire c t ly on b edrock . 
Depth o f  thi s  mant le var i e s  from a few cent ime t ers , adj acent 
t o  rock out c rop s , t o  over one me ter  on the gent l e s t  s lop es.  
Po rt e rs and B urt on s o i l s  are p res ent in the fore s t  commun i ­
t i e s  surrounding the heath b al ds . 
S o i l s  s imi lar  t o  the ab ove h ave b een des c ribed in the 
Great Smoky Mount ains and c l as s i fi e d  as Umb ric  Dys tochre p t s  
(Wo l fe 1 9 6 7 ) .  Thi s  re cent c l as s i fi ca t i on co rre s p onds to the 
p revious nomenc l ature of Gray -B rown Pod z o l i c  s o i l s  ( Go ld s t on 
et  al . 1 9 5 4 ) . 
V .  LAND USE HISTORY 
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The influence of human act ivity on  h i gh-e l evat i on 
ve ge t at i on o f  the B a l s am Mount ains is thou ght t o  have b een 
minimal prior  to Europ ean s e t t lement ( Ge rsmehl  19 7 0 ) . 
De gradat ion o f  mount ain l ands b e gan with se lect ive logging  
and c l e aring for l ives tock pas tures and pro gres s e d  unt i l  
much o f  the are a was cut ove r o r  c l e arcut ( Ge rs mehl 1 9 7 0 ) . 
As a re sult o f  intens ive l o g g ing and frequent fi re, 9 0 %  
o f  the o ri ginal s outh e rn App alach i an sp ruce - fi r  fore s t  may 
have b e en des t roye d by the e arly 19 3 0 ' s  (Kor s t i an 1937) . 
Fores t dep l e t i on and the e conom i c  dep re s s i on of  the 
1 9 3 0 's resul t e d  in  a maj o r  t rans i t ion in land us e prac t i ce 
( Ge r smeh l 19 7 0 ) . Large t racts  o f  ab andone d mount ain l an ds 
we re approp r i at e d  by  the fe de ral government and inc orpo rat ed  
into the  nat i onal fore s t  ne twork . During th is  peri od, l and 
along the c re s t  o f  the B a l s am Mount ains was  a cqui re d by  the 
Nat i onal Park S e rvi ce for the B l ue Ridge Parkway ( L ord 19 6 8 ) . 
Evidenc e o f  human act i vity was apparent only on s it e  
A .  Cut s tumps and oc cas ional fe l l ed logs  indi c a t e d  ac t i vity . 
Deteri orat i on o f  s t ump s and l ogs pre cluded  e s t imat e s  o f  
dat e  and purp o s e  o f  c ut t ing . It i s  not c le ar whe the r cutting  
was the  re sult  of  early lumb e rin g prac t i ces o r  the more 
rec ent c l e ar - cut t in g  re qui re d fo r the parkway . 
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VI . CATASTROPH I C  EVENTS 
Windfa l l , l ands l i d e , and fire are cat as t roph i c  
fac t o rs cons idered  in fluen t i al i n  the ini t i a t i on and 
maintenanc e  o f  App al achi an he ath b alds ( Cain 19 3 0 ) . Amon g 
the s e  fac t o r s , fi re was cons i dered the mos t import ant . 
Thi s  p e rc ep t i on was b as ed upon indicat i ons o f  fi re damage 
to  root  s to cks and old s tems and the pres ence o f  charc oa l 
in he ath bald s o i l s . Lands l ides and windfal l  we re event s 
c ons idered import ant predominant ly in e s t ab l ishment and 
maint enance o f  h i gh -e l evat ion he ath b ald c ommuni t ie s . 
During the cours e  of  this  inve s t i gat ion , b o th s it e s  
we re examined fo r evidence o f  fi re , l ands lide , and wind fal l 
ac t i vi ty . Sma l l , denud e d  are as ( < 20 m2) a l on g  the ridge­
cre s t  of  e ach s it e  indicated  l oca l i z e d  fire damage from 
l i ghtning s t rike s . S o i l  s amp le s, c audi c e s , and st ems were 
inve s t i gated for s i gns of fi re , but no charco al was di s ­
c ove red . 
Areas  o f  p o t ent i a l  and pas t l ands l i d e  act ivi ty we�e 
l oc at e d  on s outh - fa c ing s lopes  o f  b o th s it e s . Two s ep a rate 
l ands lides  have o c curr e d  on s i te A and thre e  on B .  I n  al l 
cas e s , a c t i vi ty appears t o  have ori ginat ed  in the b a ld s 
and sub s equently extende d downs l op e . Fi s sures , extending 
through the s o i l  t o  b e droc k , we re encountered on the s outh­
facing s lop es  o f  e ach s ite . The se  crevices  ind i c a t e  s l ippage 
o f  the organ i c  h e ath b ald s o i l  from b edrock and may rep re s ent 
s it e s  o f  future lands l i de s . Reve g e t a t i on was oc cur ring 
along the margins and in rock crevi c e s  of  the l ands lide  
a re as . Woody invaders at the s e  l oc a t i ons were  pre ­
dominantly Rhododendron and Vacc iniurn .  
1 8  
CHAPTER V 
EXPERIMENTAL METHODS 
Some me thods have b e en us e d  repe atedly in thi s in­
ves t igat ion to study d i ffe rent aspe cts  o f  the heath b al d  
commun i t i e s . Rathe r t han c ont inual ly dupl i c a t e  the s e  
d e s c r ipt ions, the mos t frequent ly u s e d  b i oas s ay and 
c hemical  t echn ique s and analy t i c al results  have been c orn ­
p i l e d  into thi s  chapt er . Addit i onal me thods , spec i fic to  
a part icul ar inve s t igat i on , remain  in the i r  appropriate  
chapters . 
Const raint s on t ime and equipment made quant i t at ive 
analys e s  o f  phytotoxins imprac t i c al in this  inve s t i gat i on .  
I .  B IOASSAY TE CHNI QUE 
The fib ergl ass b i oas s ay technique deve l oped by Ful l er 
( 1 9 7 7 )  was found t o  b e  the mo s t  suit ab le for det ermining 
s e e d l in g  s ens it ivity t o  s e l e c ted or gan i c  compounds and 
aque ous le achat e s . Pyr ex wo o l  was cut into 6 x 3 6  em 
s t rips , rol l ed into bundl e s , and ins e rt e d  into 2 x 7 ern 
snap - on plas t i c  via l s . E ac h  bundle was irr i g at e d  wi th 
e ithe r  dis t i l l e d  water  (contro l) , leachates , or  l ab or at o ry 
stock  so lut i ons . Five pre - ge rminat e d  se eds o f  e i the r Ab i e s  
fras e ri , B etul a l enta , or Tsuga canadens i s  were p l ant ed in a 
rad i al patt e rn b e twe en l ayers o f  the woo l .  Via ls  were 
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capp e d  and s e eds incub a t e d  in the dark at 25° C .  Incub a t i on 
period  was 9 6  hours for Ab i e s  fras eri , 1 6 8  hours for Betula  
l ent a ,  and 344  hour s for T suga canadens i s . Al l t reatments  
we re c onduc t e d  in  t ri p l i c at e . 
Aqueous L e achates 
S o i l s  from both he ath bal ds and the adj ac ent Ab i e s  
fra s e r i  and Que rcus b o re ali s/Betula  lenta for e s t s  were 
dri ed in a fo rc ed- air oven at 27 ° C fo r 48 hour s . Samp l e s  
were  s c re ene d ( 2  mm me s h) to  remove root s and s t one frag­
ment s.  Who l e  l it t e r  s amp l e s  from b o t h  b al ds wer e  als o  
dried  a t  27 ° C for 4 8  hours b e fore b e ing gro und through a 
Wi ley Mi l l  ( 2  mm me sh) . 
T en g s amp l e s  o f  s oi l  or l i tt e r  we re added to 1 0 0  ml 
of b o i l ing di s t i l l e d  wat er and a l l owed to  s t e ep for 36 
hour s . The mixture was f i l t e re d  through Whatman No . 1 pap e r  
and the fil t rat e  volume returne d to  1 0 0  m l  with d i s t i l led  
wat e r .  
Canopy dr ip leach at e s  were ob taine d from c o l l ectors  
l oc at e d  on each heath b al d .  S amp l e s  were f i lt e red  through 
Whatman No . 1 pap er and appl i ed di re ct ly fo r b i oas s ay 
studi e s . 
Lab oratory St andards 
Analyt i ca l  qual ity ga l l ic ac i d ,  p -hydroxyb enz o ic 
ac id , phl oroglucinol, rho dod endro l ,  and vanil l i c  ac i d  were 
ob t a ined from c ommerc ia l s ources . A s e r ies of t e s t  s o lu ­
t ions c ont aining 1 ,  5 ,  1 0, and SO mg/ 1 0 0  m l  o f  d i s t illed 
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was prepare d for e ach c ompound. The s e  l ab o r at o ry solut i ons 
serve d  as t re atments  for b i o as s ay .  
I I .  CHEMI CAL TECHNI QUES 
Samp l e s  o f  who l e  l i tt e r , l e a f ,  root , s o i l , and 
l it t e r fa l l  mat e r i a l s  were a i r - drie d at 27 ° C for 4 8  hours 
b e fore b e ing e i ther  s c re ene d or ground to  p as s through a 
2 mm me s h .  
Ext ract i on and Pur ifi cat i on 
Aqueous c anopy drip s amp l e s  were fil t ered with 
Whatman No . 1 paper . One hundred mil l i l it e r  al i quots wer e 
removed from s el e ct ed s amp l e s  an d treated with 2N HCl to  
rupture gly s idic l inkage s and to  p o lyme ri z e  phl ob aphene s 
( Rib e r e au- G ayon 19 7 2) . Hydro l y z e d  s amp l e s  were fil tered 
repe at e dl y  with Whatman No . 1 pap e r  and r educ ed t o  l e s s  than 
1 ml by low tempe ratur e evaporat ion . S ample s we re tak en up 
in 9 5 %  ethanol . 
Who l e  l it t e r , l e a f ,  r o ot , and s o i l samp le s  were sub ­
j ec t e d  to  Soxhl e t  extract i on with 9 5 %  ethano l fo r 8 hour s .  
S o l vent vo lume was reduc e d  t o  5 ml and the c rude extract 
al l owe d to c o o l  to  room tempe rature . The extracts  wer e 
t r e ated with 2N HCl, fil t ered with Whatman No . 1 pap e r , and 
reduc e d  to 1 ml by  low t empe rature evapo r at ion . S amp l e s  
were taken up in 9 5 % ethano l . 
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Paper Chromat o graphy 
Pap e r  chromato graphy was emp l oyed  to s epa rate and 
ident i fy compounds ext r ac t e d  by ethanol from heath b a l d  
l i tters , l i t t e r fal l c omponents .  c anopy drip , r o o t s , and 
s oi l . D e s c ending chroma t o graphy was p e r fo rme d on  she e t s  o f  
Whatman No . 1 pap e r .  Thre e s eparate s o lvent s y s t ems were 
s e l e ct e d  to  p rovide the maximum re s o lut ion o f  pheno l ic c om ­
pounds . The fi r s t  system w a s  c ompos e d  o f  i s op ropanol-a c e t i c  
ac i d - water  (He ftmann 1 9 6 1 ) , the se cond o f  b ut ano l -acet i c  
ac i d-water  ( Ri c e  and Pancho ly 1 9 7 4 ) , and the third of  
b en z ene-ammo n i a-wat er  ( I brah im and Towers 1 9 6 0 ) . Chromato ­
g r aphs were examined in u l t ravi o l e t  l ight , with and wi thout 
ammon ia vapor t r e atment , and react ions of the di fferent 
c o mp ounds with d i a z ot i z ed p-n i t rani l ine (Rib e re au- Gayon 
1 9 7 2) , 2N Na2C03 (He ftmann 1 9 6 1 ) , and 1 %  FeCl 3 ( I b rahin and 
Towe rs 1 9 6 0 ) . C o l o r re ac t ions  and Rf va lue s ob s e rved on 
the c hromatographs o f  l ab o ratory s t andards are pres ent ed in 
T ab l e  3 .  
Gas  Chromat o graphy 
Gas chromatography was used  t o  c onfi rm the iden t i fi ca ­
t i on of  phenol ic c ompounds ob tained b y  paper  chromato graphi c  
analysis and fo r ident i f i c at ion o f  t e rp enoi d  compounds .  A 
P e rk in Elme r Mod e l  39 20 gas  chromat o g r aph. equippe d with 
fl ame ioni z at ion detecto r s , flow regu l a t ors , and tempe rature 
pro gramme r , was us ed  to p e r fo rm the ana ly s e s . Ins t rument 
output was re c orded graph i c a l l y  by a Perkin E lme r Mode l 0 23 
TAB LE 3 
Rf VALUES AND COLOR REACT I ONS OF  LABORATO RY PHENOLS 
Rf' s on 
Co l o rb Whatman No . l a UV Fluores cence 
Compound BAW PAW BeAW -NH3 +NH3 p -Nit .  Na 2C03 'Fecr3 
Ca ffei c Ac id . 78 . 57 . 8 2 b l  nc  b r  gry dgr 
Catecho l . 93 . 73 . 8 4 n n gry pur . gry b l k  
Ch lorogeni c Aci d  . 4 9 . 63 . 76 b l  gr  b r  pur b l  
Feru l i c  Ac id . 8 4 . 6 1 . 79 b l . vi o l  b l . gr pk b l  n 
Gal l i c  Ac i d  • 6 7 . 5 1 • 30 yel nc yel b r  g r  
Gent i s i c  Ac i d  . 79 . 6 4 . 53 b l  nc gry nc b l . vi o l 
p-Hydroc innam i c  Ac id . 8 4 . 6 8 . 8 6 n n yel . b r  b l  o rg 
Hydroquinone . 8 4 . 71 . 74 n n yel red 
p-Hydroxybenzoic  Ac id  . 87 . 5 5 . 77 n n red nc yel 
K aempfero l • 6 3 . 79 . 90 yel nc yel . b r  nc b l  
Ph l o r i dzin . 9 1 • 76 . 4 9 yel nc yel . b r  nc b l  
Phl o ro gluc inol . 70 . 6 1  - n b l  yel . b r  nc gry 
Pro tocatechui c Ac i d  . 78 - . 78 n n yel b r  b l .  gr 
Quer cet in . 6 9  . 57 . 77 yel yel yel nc b l . g r  
Van i l l i c  Ac id . 9 2 . 60 . 8 6 n n yel vi o l  b r  
aRefer t o  text for des cript i on o f  s olvent sys tems . Rf values represent the average o f  th ree runs . 
bCo l or s : n = none , nc = no change , b l  = b lue , b lk = b l ack , b r  = b rown , gr = 
g reen , gry = grey , org  = orange , pk = pink ,  pur = purple , r = red , vi ol = vi o let , 




s t r ip chart recorde r , and the are a und e r  eac h pe ak aut o ­
mat ica l ly c omputed by a Perkin E lmer Mod el  M-2 c al culat ing 
int egrat o r . 
A 6 ft x 0 . 1 25 in O . D. gl a s s  c o lumn packed with 3%  
OV- 1 7  on Chromo s o rb Q ,  1 0 0 / 20 0 me sh , was use d  t o  separate 
both  pheno l ic and t e rp enoi d  c ompounds .  Ins trument paramet ers 
we re : column t empe rature programme d from 150 ° C ( 2  min 
hol d) t o  250 ° C ( 4  min hold)  at a l inear rat e of increas e 
o f  3 2 °  C/min ; inle t  t e mp e rature at 250 ° C ;  det ec t o r  
t empe rature a t  3 0 0 °  C ;  and nit rogen c a rrier gas flow r a t e  
o f  7 0  ml/min . The column was bake d out overnight a t  280 ° C 
and gave a c on s t ant, l ow l e ve l  b as e l ine at the mos t  s en s i ­
t ive s e tt ings . Al l s amp l e  volume s were 1 �1 . 
All l ab o ratory s t andards were sub j e c t e d  to extrac ti on ,  
hydro ly s i s , and pur i fi c a t ion pro cedure s . Treated s t andards 
were chromat ographe d for evi dence o f  decomp o s i t i on product s .  
Ret en t ion t ime s o f  lab or at ory standards we re re c orded  re l a ­
t ive t o  p - cymene ( internal s t andard) t o  al l o w  for minor 
var i at ions in c arr ie r gas flow rat e . Retent ion t imes for 
s t andards are pres ented in T ab l e  4 .  
TABLE 4 
RELAT I VE  RETENTI ON VALUE S OF PHE NO L I C AND TERPENOID 
COMPOUNDS WITH RE SPE CT TO AN INTE RNAL STANDARD 
Compound s 
I .  T e rpeno i d  Compounds 
Camphene 
s - Caryophyl l e ne 
Limonene 
a - Ph e l l andrene 
2 - P inene 
I I .  Pheno l ic Compounds 
Caffe ic Acid 
Catechol 
Gal l i c  Ac id 
Genti s ic Acid 
p -Hydroc innamic Ac i d  
Hydro quinone 
p - Hydroxyb en z oic Aci d  
Phlorogluc inol 
P rot o c at e chuic Ac i d  
Rhodo dendro l 
Vanil l ic Aci d  
I I I . Internal S t andard 
p - cymene 
I V .  Operat ing C ond i ti ons Carr1er gas flow- rat e 
Co lumn temp e rature 
Inj e c t o r  temperature 
Inte rface tempe rature 
C o lumn length 
(ml /min) 
CCC) 




3% OV - 1 7  
0 . 7 7 
3 . 8 0 
0 . 9 3  
0 . 8 8 
1 .  0 3  
5 . 1 3 
1 .  6 8  
6 . 1 3 
3 . 35 
1 .  7 5  
2 . 9 5 
7 . 3 8 
7 . 7 3 
1 .  6 5  
6 . 6 3 
7 . 1 0 
1 .  0 0  
7 0  
150 
2 5 0  
3 0 0  
6 
( in i t i al )  
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CHAPTE R VI 
FLORI STI C  AND VE GETATI ONAL SURVEY 
Flor i s t ic d e s c ri p t i ons o f  s outhe rn Appa l achi an he ath 
b a l ds have b e en pub l i sh e d  by C ain ( 1 9 3 0 ) ,  Brown ( 19 4 1) , and 
Whit t ak e r  ( 1 956, 1 9 6 3 ) . They indicate  that d e s p i t e  apparent 
phys i o gnomic s im i l ar i ty, the pres enc e and r e l at ive abundance  
of  spec i e s  could  d i ffe r s igni fic ant ly among he ath b ald s . 
Var i ab il ity was attribut ed t o  the int ens i ty and comb inat i on 
o f  s uc h  in fluenc e s  as  c l imat e and e daph ic facto rs, catas ­
t rophic  event s, c ont i guous fores t as s o c i at e s, and land 
manag ement pract ic e s . 
F ew attemp t s  have b een made to  c at e go r i z e  or c la s s i fy 
he ath b alds . C ain ( 1 9 3 0 )  p ropo s e d  to  g roup b a l d s  by  a l t itude 
and adj acent fo re s t  type, B rown ( 1 9 4 1 )  by spe c i e s  fre quency 
and cove rage, and Whi t tak e r  ( 1 9 6 3 )  chos e  to d i s t ingui sh them 
by maj or dominant s .  
Heath b al d s  of  the B a l s am Mount ains have not re ce ived 
the s ame degre e of  inve s t igat ion or de s crip t i on as tho s e  o f  
Roan Mount ain and the Gr e at Smoky Mountains . A l ack  o f  
d e s c r ipt ive l it e rature and gene ra l uncertaint i e s  about the i r  
comp o s i t i on made imperat ive an inve s t i gat i on o f  e ac h  s i t e . 
A fl o ri s t i c  and ve getat i onal survey was conduct e d  at b oth 
s it e s  to de s c rib e eac h .  
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I .  MATE RIALS AND METHODS 
Due to  t er rain , p r o fus ion of s t ems , and shrub hab i t 
a b e l t  trans ec t s amp l ing technique was s e le c ted a s  the 
survey method (Brown 1 94 1 ) . Trans e c t s  were surveye d b oth 
paral l e l  and perpend icul ar to  the r i dge cres t ,  along the 
l onge s t  axi s  o f  e ach s it e . C ount s were made on s t ems 
tal l er than 0 . 5  m whi ch o c curred in a corr i do r  1 . 0  m on 
e i the r s ide o f  the l ine . 
S c i ent i f i c  nomenc l ature fo l lows Gray ' s Manual o f  
B o t any ( Ferna l d  1 950) . 
I I . RESULTS AND CON CLUS I ONS 
Survey re sul t s  are p re s ent ed  in Tab l e  5,  expres s e d  as  
st ems per he ct are . Rho dodendron maximum was found to b e  p re ­
d ominant on b o th s lopes  o f  s i te  A ,  with Vac c inium spp . rank ­
ing next . On the north s l op e , Rhodod endron c onst itute d 
approximat e ly 9 3 %  o f  the s tems , and on the s outh s lope , 7 3 % . 
The d i fference i s  at tribut ab l e  t o  more Vacc inium ( x4 ) , P i c e a  
rub ens (x5) , and unident i fi e d  shrub spe c i es . Although b o t h  
s l op e s c ontained the s ame numb er o f  Rhododendron s t ems , the 
north  s l o p e  produc ed  approxima t e ly 20% fewe r t o t a l  s t ems p e r  
hec tare . 
S it e  B was dominat ed by  Rhododendron c atawb i en s e  with 
Kalmi a l a t i fol i a  and Vacc inium spp . cons t itut ing the maj o r i ty 
o f  remaining spe c i e s . Total  numb e r  o f  s t ems p e r  he ctare was 
sub s t ant ial ly highe r for s i t e  B than for e i the r s l o p e  of A .  
TABLE 5 
S PE CI ES COMPOS I T I ON AND REPRE SENTATION WITH I N  
HEATH BALD COMMUN I T I E S  
St ems Percent 
Per  of  
Loc at i on Spec i e s  He c t are Total 
S it e  A, B etula l enta 1 3 6  . 51 
north s l ope Pic e a  rub ens 1 8 2  . 6 8 
Prunus s e rot ina 6 8  . 25 Rnoaoa enaron maximum 25 , 1 1 7  9 3 . 1 7  
Vaccinium spp . 1 , 228 4 . 55 On �aent� fi e d  s p e c i e s  227  . 8 4 
Total  26 , 9 58 1 0 0 . 00 
S i t e  A ,  Ab i e s  fra s er i  1 3 4  . 3 8 
s outh s lope B etuia l ent a 1 6 7  . 4 8 
Kaimia l atit'o l i a  34 . 1 0 P� c e a  rub ens 1 , 1 6 7  3 . 3 4 Rnoaodenaron maximum 25 , 56 4  7 3 . 1 1 
Vacc in�um spp . 5 , 6 6 6  1 6 . 20 
Un�dent �Ii e d  spec ies 2 , 23 3  6 . 39 
Tota l  34 , 9 65 1 0 0 . 00 
S it e  B Ab ies  fras eri  1 7  . 0 3 
13etuia Ient a 1 6 6  . 3 3 Kalm� a Iat �Io l i a  4 , 565 9 . 0 8 
P� c ea rube ns 1 6 6  . 33 
Prunus s e ro t in a  6 7  . 1 3 Rnoaoaenaron 
c at awb�ense  3 8 , 0 6 8 75 . 7 1  
Vacc �n�um spp . 6 , 6 9 7  1 3 . 3 2 Un�aent �Iie d spe c i e s  5 3 3  1. 0 6  
Total  50 , 27 9  9 9 . 9 7  
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D i ffe renc e s  are a s c rib ed  t o  an inc rea s e in the numb er o f  
Rhodod endron and Kalmi a s terns . 
Compari s on o f  sur ve y  data with avai l ab l e  l it erature 
indicates  that the study s it e s  are f l o r i s t i c a l ly s imil ar 
to previ ous ly de scrib ed s outhe rn App a l ach i an heath b a l d  
c o mmun i t i e s. S i t e  A has b e en re ferred  t o  i n  Chapter  I a s  
a heath b al d , b ut this c ommunity res emb les  Whi t t ake r's 
( 1 9 6 3 ) des c r ipt ion of a s pruce-rhodod endron for e s t  heath . 
The maj or d i ffe rence s  b e twe en des cript i ons o f  s it e  A and 
the fore s t  heath are the dominance of Rhododendron maximum 
ins tead o f  Rhododendron c atawb iens e at s it e  A and the 
ab s ence o f  a c lo s ed t re e  st ratum at A .  B oth d e s c r ipt i on s  
c on t a in a s ign i f i c ant numb er  o f  Pice a  rubens s t erns , re ­
fl e c t ing e s t ab l i s hment o f  thi s c anopy c ompet it o r .  C ont inue d 
succ e s s  o f  P i c e a  at s it e  A would eventual ly resul t in Whit ­
take r ' s spruc e - rhododend ron fores t heath c ommun i ty . 
Survey dat a of  s it e  B are s imil ar t o  the mix ed he ath 
b a l d  commun i t ies  o f  Whittake r ( 1 9 6 3 ) . The mixed  he ath b a l d s  
oc cur i n  t h e  Great Smoky Mountain s  and are re garded by 
Whi t t ake r as c ent ral to  the heath comp l e x  o f  the regi on . 
The s e  balds  o ccupy al t itud e s  between 1 , 3 70  and 1, 700 m, 
po s s e s s  a 1 - 3  m h igh c l o s e d  shrub c anopy , and are dominat ed  
b y  Rho dod endron catawb iens e and Kal mi a l at i fol i a .  Frequent 
a s s o c i at e s  include Vac c inium cons tabl ae i , Pyrus mel anoc arpa , 
and Viburnum cas s ino ide s , w ith Rho dodendron max imum, Rho do ­
dendron carol inianum, C l ethra acurninat a ,  and G aylus sac i a  
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b acc ata  al s o  repo rted  ( Whit t aker 1 9 6 3 ) . The s e  charact e ri s ­
t i c s  adequat e l y  d e s crib e the heath bal d community o f  
s it e  B .  
- --- ------------------
CHAPTE R  VI I 
HEATH CANOPY 
Phytot ox ins have b e en i so l at e d  from fl owe r s , le aves , 
s t em s , and smal l branche s o f  Kalmi a  l a t i fol ia , Rhododendron 
c a t awb i ens e ,  and Rhododend r on max imum (Wood et  al . 1 9 54 and 
T a l l ent e t  al . 1 957 ) . Pres ence o f  phytotox ins in canopy 
c omponent s o f  heath b al d  dominant s indi cates  a pot ent i al 
for al l e l op athic  int e rfe rence .  
The impor t ance o f  the heath b a l d  c anopy cou l d  al s o  b e  
inc r e as e d  b y  i t s  eve rgre en hab it .  C ontinua l canopy pre s enc e 
could provide a re s idual input o f  phytot oxins t o  the l it ter 
and s o i l . Dur ing the winter , tempe rature ext reme s c ould 
inj ure l e ave s and re s ul t  in rele as e  o f  phyt o t ox ins . 
Age i s  anothe r factor  that may contr ibut e t o  the 
imp o rt ance of the he ath c an opy . L e aves of Kalmia l a t i fo l i a , 
Rhododendron catawb iens e ,  and Rhododendron maximum may b e  
ret a ined from 2- 6 years. During thi s  period , l e a f  perme a ­
bility and subsequent phytotoxin loss may b e  inc reased by 
s o l ar radia t i on , temp e rature ext reme s , d i s e as e ,  and ins e c t  
predat ion .  
The me re pre s ence o f  c anopy toxins  doe s not confirm 
a l l e l op ath ic int er fe renc e . Phyto toxin s  mus t b e  trans ferr ed 
e ffe c t ive l y  from the p l ant t o  invading repres ent a t ive s o f  
c ompet it ive spe c i e s . Per fo rmance o f  t h i s  func t ion re qu i res  
both vi ab l e  rel eas e and t ransport me chan i sms . Synop s e s  o f  
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rep o rt e d  me chan i sms of  c anopy rel e a s e  and t ransport a re 
ava i l ab l e in the rec ent t exts o f  Ri c e  ( 1 9 7 4 )  and S ondh e imer  
and S imeone ( 1 9 7 0 ) . 
The s chle rophyl l ous  vegeta t i on of  the he ath bal ds 
sugge s t s  two p ro b ab l e  r e l e as e  and c onveyanc e me chanisms . 
C an opy drip c ould  provide a cont inuous s ourc e  o f  phyt o ­
t ox ins from the e vergre en canopy . L i t t erfal l could provide 
phytotoxins through the ye ar and a l s o  during s eas onal l e a f  
drop . For  the s e  reas ons , c anopy drip and l i t t e r fa l l  we re 
inve s t igated  at e ach s it e  for the pres enc e of phytotoxins . 
I .  CANOPY DRI P 
The ab i l ity of  dew , fog ,  mis t , and ra in to leach 
me tab o l it e s  from ab ove -ground p lant part s i s  we l l - document e d  
and reviewed (Tukey 1 9 7 0 ) . A variety o f  chem i c a l s  including 
inorganic  and o r gan i c  compounds , mac r o - and mi c ro-elements , 
e s s ent ial  mine ral s ,  and growth-regulat ing s ub st anc e s  have 
been det ect ed  in c anop y le achat e s  (Tukey and Morgan 1 9 6 4 ) . 
Los s  o f  canopy me t ab ol ites  has potent ial  eco log i c a l  
imp l i cat i ons i n  the di s t ribut ion (Arens 1 9 3 4 ) , st ructur e 
( Bonne r 1 9 5 0 ) , and funct ion (Whit taker 1 9 7 5 )  o f  p l ant 
communit i e s . The e ffec t ivene s s  of c an opy me t ab o l i t es in 
d e t e rmining unders tory spec i e s  rep re s ent a t i on is a re l at ive 
measure o f  i t s  community level importanc e .  L e ac hate  in flu­
ence on underst ory vegetat i on that reduce s  b io l ogic al c omp e ­
t i t i on can b e  int erpreted  as  all el opathic  int e rfe renc e . 
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A moni t oring p rogram was ini tiat e d  a t  b o th b al ds t o  
qual itat ive ly define phytot oxin pres ence in canopy drip . 
S e as onal a l l e lopathic pot ent i al o f  can opy drip was as s e s s e d  
a t  monthly int e rval s .  
Mat e r i al s  and Methods 
Thre e c an opy drip c o l l e ct o rs were ins t al l e d  on e ach 
s l op e  o f  s it e  A and B .  E ach c ol lecto r c ons i s t e d  o f  a 1 5  em 
di amet er c atchment suspende d 20 em above the s o i l  and 
conne cted  t o  a buried re s e rvo i r .  
All c o l l e ct or s  we re s erviced  a t  two -we ek int erva l s  
fo r one ye ar . Fluid  volume s were re corded and 1 50 ml s amp l e s  
taken . Phyt o tox ins were ext rac t ed and ident i fi e d  from 
s e le ct e d  monthl y sample s by t he procedures de s cr ib e d  in 
Chap t e r  V .  Comb ined monthly samp l e s  we re us e d  i n  b i oas s ay 
wit h  Ab ies  fras e r i , B etula l ent a ,  and T suga canadens i s  as 
t e s t  spe c i e s  ( Chap t e r  V, pages 1 9 - 20 ) . 
A one-way analys i s  o f  vari ance with equa l s amp l e  
s iz e s  w a s  pe rformed on the c an�py drip t es t  dat a of  each 
t e s t  spec ie s (Sokal and Roh l f  1 9 6 9 ) . Al l treatments were  
per formed in t r iplicat e .  
Resul t s  and C onclus ions  
The chemic al analys e s  indica t ed the pres enc e of  
hydroqu inone, p -hydroxyb en z o i c  ac id , and rhododendrol in  
the  canopy drip  o f  both  heath b al ds . Tab l e  6 pre s ent s 
monthly tabu l at i ons o f  the compounds de t ect ed  at bo th 
TABLE 6 
DETE CTI ON O F  PHE NOL I C COMPOUNDS IN  MONTHLY 






p-Hydroxybenzoic Acid - -
- + + + + -
- + + + + 
Rhododendrol + + + + + + + + + + + + 
Hydroquinone 
p-Hydroxybenzoic Acid -
- + + + + -
- + + + + -
Rhododendrol + + + + + + + + + + + + 
a (-)  Compound not detected in cample. 
(+) Compound detected in sample. 
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b alds . Rho dodendrol was the only c ompound that was  d e t e c t e d  
eve ry month , while the remaining compounds were re s t r i ct e d  
to  the summer months ( June - S eptemb er ) . 
Sta t is t i c al analy s i s  of  the b io a s s ay dat a ind icat e d  
that radicl e  growth d i d  not differ  s igni f icantly among 
mont hly wat er ing treatment s for any t e s t  spec i e s . 
Although thre e phyto t oxins were is olat ed  and ident i ­
fied  from the canopy dr ip o f  b o th he ath b alds , c onc ent r a ­
t ions were insuffic ient t o  s igni fic antly affe ct radicle 
growth of the thre e t e s t  spe c i es . Lack of d e t ect able 
inhib i t i on ,  howeve r , doe s not tot ally exclude c an opy drip 
a s  a viable component in the e s t ab l i s hment o f  alle lopathic  
inte r fe renc e . L ow - level phyto t oxin contr ib ut ions  from the 
canopy may eventually accumulate  to toxic concent rat ions in 
litt e r  or s o il .  C oncurrently , the s e  thre e may accumulat e  
with o the r c ompounds t o  form an e f fe c t ive suit e o f  phyto ­
t oxins whose  syne rgism result s in allelopat hic int erference . 
I I .  L ITTERFALL 
Phyt otoxin s  are t rans fe rre d d i re ctly from the can opy 
to the s o il sur fa ce in lit t e r fall . B ark , b ranches , le aves , 
reproduct ive s t ructure s ,  and t i s sue fragments are pot ent i al 
t ransport vehicle s . The eve rgre en h ab it of  the  he ath b ald 
canop ies  t emporally expands the opportunity for allelopat h ic 
int e r fe renc e . L ack  o f  an apparent pe ak in litt e r fall 
emphas i z e s  c an opy pre s enc e and indica t e s  the ne ed  for 
inve s t igat i on o f  th i s  aer i al s t ratum .  Date, rat e , and 
comp o s i t i on o f  l i tt e rfal l are maj o r  c r i t e r i a  for eva lua ­
t ion o f  thi s poten t i al transport mechan i s m .  
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A s ampl ing program t o  mon i t o r  the rat e and compo s i ­
t i on o f  l it te rfal l  was in it iate d on b o th he ath bal ds . 
S e l e c t ed l it t e rfa l l  components we re chemical ly analyz e d  
t o  qua l i t at ive ly de fine phyt ot oxin pres ence a t  e ach l o c at i on .  
Mat e r ia l s  and Methods 
S ix l it te rfal l co l le ct ion b ins were randoml y l o ca t e d  
o n  e ach b a l d . E ach b in c on s i s t e d  o f  a one bushe l b as ket,  
4 5 . 5  em in d i ame t e r, with a fine nyl on mes h  cloth bottom . 
Al l b ins were suspended 2 0  em above the s o i l  and l e ve l e d . 
B ins were emp t i e d  monthly . Indivi dual c o l l e ct i ons were 
s orted  into l e aves and bud s cale s, flowe rs  and s e eds,  
branche s  ( l e s s than 4 5 . 5  em in length) , and s t ems (gre a t e r  
than 4 5 . 5  em i n  length) . A l l  mat er i al s  were a i r - dr i ed , 
we ighe d, and the i r  we ights  comp i l e d  by month and h e ath bald . 
S e le c t e d  component s we re removed at random for chemical 
ext rac t i on ,  puri fi c at ion , and ident i fi c at ion o f  phytot oxins 
( C hap t e r  V,  p ages 2 1 - 2 5 ) .  
Three 1 x 5 m re c t angular p l o t s  were l ai d  o ut on e ach 
s l op e  of s it e  A and on s it e  B .  The s e  are as were des igne d t o  
co l l ec t  woody mat e ri a l s  that exc e ede d the d i ame t e r  of  the 
c o l l ect ion b ins . L it t e r  was removed t o  the A1 hor i z on in 
a l l  ar eas . Aft e r  one cal endar year , all woo dy mat er ial  
greater  than 4 5 . 5  em in length was removed . Wo o dy mat er i a l  
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was a i r - dried, we ighed, re corded, and discarded . 
Resul t s  and C onc lus ions 
Resul ts  of the l it t e r fa l l  inv e s t igat ion are pres ent e d  
i n  Tab l e s  7 and 8 .  Data ind i cate  that Rhododendron l eave s  
const itute the l arges t  annual contr i but i on t o  l i t t er with 
5 6 % a t  s ite A and 6 2 % at B .  L eave s  of b o th spe c i e s  we re 
she d cont inual ly through the ye ar with most fa l l ing b e tween 
June and Octob e r .  Ear ly summe r l o s s e s  at b o th b al ds were 
appa rent ly due to a flush of spring fo l iage that fai le d t o  
survive m i l d  drought (Tab l e  1 ,  page 1 1 ) . Mos t  l e af drop 
oc curred in Augu s t  on s it e  A ( 39 % )  and in S ep t emb er on B 
( 3 5 % ) . The s e  per iods were d is t inguishe d  b y  yel l ow l eaves ; 
no  o the r c o l le ct i ons containe d yel l ow l e aves . 
I nt ac t  s t ems and b ranches we re infrequ ent ly encount ered 
in e ither the  e l e vat ed  or  sur face c o l l e ct ors . Dead wo od re ­
mained in the c anopy supporte d  by surround ing shrub s .  S tand ­
ing d e a d  wood was l o s t  from the canopy by  at t ri t ion . Wind 
appeared  to be  the maj o r  forc e  that det e rmine d the los s o f  
canopy dead woo d .  Thi s  cont ent ion i s  support ed b y  c o l l ec ­
t ions for Oct ob e r ,  a month when s t orms and h igh winds (NOAA 
1 9 7 3) produced 3 6 %  o f  the annual wood depos i t i on at s i t e  A 
and 2 2 %  at B .  
Resul t s  o f  the chemical  survey conduct ed on s elec t ed 
l it ter fal l component s o f  e ach b al d  are  pr es ent e d  in T ab l e  9 
for l e aves , flowe rs, and wo o d  s amp l e s  o f  Rhododendron maximum 
and c at awb i ens e .  
TABLE 7 
t>lEAN MJN'IHLY LIITERFALL (KG/HA) AT SITE A 
Components Feb . Mar. Apr. May June July Aug. Sept . 
Leaves and Bud Scales 
ill1ododendron maximum 44 . 6  93. 2 62 .4 5 1 . 3 193 . 0  4 15 . 3  1058 . 0  525 . 3  
Vacciniun spp. 0 0 . 6  4 . 1  2 . 2  3 . 4  67 . 5  2 59 . 4  
Flowers and Seeds 0 3 . 6  . 7  2 . 1  2 2 . 3  3 . 3  10 . 1  2 2 . 3  
Bark 1 5 . 9  5 . 1  1 . 4  2 5 . 6  2 . 1  1 . 4 2 . 3  2 . 2  
B ranches ( S  4 5 . 5 on in length) 
Rhododendron maximlJll 4 . 9  16 . 3  1 . 6  0 0 6 . 4  1 2 . 9  33. 9  
Vaccinium spp. 0 1 1 . 3  3 . 8  7. 2 . 5  2 . 7  0 2 1 . 6 
Stems (> 45 . 5  em in length) 
Other 8 0 . 9  1 7 . 3  2 4 . 9  7 2 . 9  16 . 4  1 5 . 8  39 . 1  100 . 9  
Total 146 . 3  146 . 8  9 5 . 4  163 . 2  2 36 . 5  448 . 3  118 9 . 9  965 . 6  
Oct . Nov. Dec. 
12 2 . 1  6 5 . 3  4 5 . 4  
5 8 . 6  8 . 0  3 . 1  
16 . 7  1 2 . 4  3 . 5 
75 . 2  1 9 . 1  58 . 7  
294 . 7  171 . 6  29 . 8  
26. 5 3 . 0  9 . 5  
24 . 3  37. 8  39 . 7  
562 . 0  373 . 3  189 . 7  
Jan. 
(1974) Annual 
46 . 2  
1 . 4  
0 
16 . 9  
5 . 1  
1 . 4  
231 . 6  
8 3 . 1 
1 54 . 1  231 . 6  
Tota l  
2 72 2 . 1  
408 . 3  
97 . 0  
2 2 5 . 9  
577 . 2  
8 7 . 5 
231 . 6  
553 . 1  




MEAN MCNfliLY LIITERFALL (KG/llA) AT SITE B 
Components Feb . Mar. Apr. May Jillle July Aug .  Sept . 
Leaves and Bud Scales 
Kalmia latifo1i a  0 3 . 2  2 . 6  2 . 1  11 . 2  1 . 6 4 . 3  8 . 2  
Rhododendron catmvbiense 4 2 . 8  89 . 6  32 . 5  64 . 1  2 35 . 8  345 . 3 6 22 . 2  932 . 6  
Vaccinium spp . . 3  0 . 3  14 . 0  2 . 9  4 . 7  36 . 6  2 . 5  
Flmvers and Seeds 2 . 1  . 1  . 2  1 . 7  28 . 3  8 . 4  20 . 6  25 . 0  
Bark 34 . 6  12 . 6  16 . 7  63 . 8  3 . 1  10 . 5  3 . 9  . 3  
B ranches ( �  45 . 5  em in length) 
Rhododendron catawbiense 1 . 3  1 . 4  44 . 7  0 . 7  0 0 1 . 3  
Vaccinium spp . 7. 3 . 8  1 . 7  7 . 1  0 0 . 3  1 . 6  
Stems ( >  4 5 . 5 em on length) 
Other 10 . 3  8 . 3  6 . 5  13 . 9  4 . 4  6 . 9  18 . 6  24 . 1  
Total 9 8 . 7  1 1 6 . 0  105 . 2  166 . 7  286 . 4  377 . 4  . 706 . 5  9 95. 6 
Ck: t .  Nov. Dec. 
8 . 1  0 2 , 0  
208 . 5  35. 7 8 5 . 0  
323. 5 2 1 . 1  5 . 1  
16 . 6  7 . 3  4 . 0  
30 . 9  8 . 8  33 . 1  
10 2 . 9  1 . 1  4 . 8  
63 . 0  10 . 2  59 . 1  
27 . 2  1 3 . 4  3 . 3  




8 . 1  
. 3  
2 . 9  
55 . 5  
7 . 4  
10 . 4  
330 . 9  
14 . 5  
99 . 1  330 . 9  
Total 
43 . 3  
2702 . 2  
411 . 3  
117 . 2  
273 . 8  
16 5 . 6  
16 1 . 5  
330 . 9  
151 . 4  
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S even phenolic c ompounds were  i s olated and i dent i f i ed 
from the lit t erfall components  o f  e ach heath b ald (Table 9 ) . 
Rho do d endro l and vanillic ac i d  were d e t ec t e d  in all s ample s . 
Hydroquinone and p - hydroxyb en z o ic ac i d  we re ab s ent only from 
flower s ample s .  G allic  ac i d, phlorogluc inol , and que rc e t in 
were r e s t r i c t ed t o  lea f  s ample s . 
The chemi cal survey c onfirme d  that both  he ath b ald 
spe c i e s cont r ib ut e  phyto t o x in s  t o  l i t t e r  by lo s s  of leaves ,  
flowers , and woody mat e r i als . The patt ern o f  phftot oxin 
pre s ence in l i t t e rfall component s is ident ical in t he two 
Rhododendron spec i e s .  L e af t is sue s con t ained the  larges t  
numb er  o f  phytotoxins , with flowers and wo o d  prov i ding fewer 
k inds of the s ame c ompounds . Comp ar i s on o f  chem i c al dat a  
from yellow and gre en leaves  indicat e d  an i dent ical pat t ern 
o f  phyto toxins in the two s pe c ie s . C omb ina t i on o f  l i t t e rfall 
and chemical informat i on rev e als a me chan i sm for cont inual 
in flux o f  phyto toxins to lit t er . A maj or s ea s onal cont r ib u ­
t ion fro m  the canopy can b e  recogn i z e d  in the fall a s  a 
result o f  le a f  dr op and b ranchfall . C on t inuous phyt ot oxin 
influx supported by a surge in the fall e s t abli she s the 
canopy laye r as a viab le fo rce fo r t he development and ma int e ­
nance o f  allelopathic inte r fe renc e in t he litt e r  and s o il .  
CHAPTER VI I I  
HEATH L I TTER 
Phyto t ox ins  and cand i date tox ins l os t  from the heath 
bal d canopy in  l iving ,  inj ured , and dead plant t is sue s have 
the c ap ab il i ty t o  produc e a l l e lopat h i c  int e r fe rence in 
l it t e r .  
Regardl e s s o f  o riginal chemical compo s i t i on ,  once 
depos ite d ,  the se  c ompounds ent er  the j uris di c t i on o f  pre ­
vai l ing ab i o t i c  and b i o t ic forc e s  in the l i tt e r .  C ompounds 
may b e  rel e a s e d  d i rect ly int o the environment by l eaching 
o r  vol at il i zat i on .  T i s sue de s t ruct i on by mac ro - and 
m i cr oorgan i sms a l s o  re l e as e s  phyt o t oxins t o  t he environment . 
Whi l e  re s iding in l it t e r, t ox i c  and p o t en t i a l l y  t oxic  
sub s t ances  b e c ome invo lve d in many comp lex int e ract i ons , 
synthe se s , and t r ans format ions . Comp lex  organ ic c ompound s 
are uns tab l e  in th is new environment and decomp o s e  int o  l e s s  
react ive daught e r  products .  Microo rganisms can a l s o  toxi fy 
innocuous compoun ds ( P a t r ick 1 9 7 1 )  and synthe siz e phyt o ­
toxins from p l ant r e s idue s (Nors tadt and Mc C al l a  1 9 6 3 ) . 
The inte rac t i ons  among the s e  va rious ab i ot ic and b i o t ic 
forc e s  may incre a s e  or  reduce al l e l opathic int e r ference in 
heath b ald l it t er . 
The int imat e c ont ac t b etwe en heath l it t e r  and over ­
winte r ing or ge rminat ing s e e d  o f  wo o dy c omp e t it o r s  affords 
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an opp o rtun ity  fo r exp re s s ion of a l l e l opath ic  int e r fe renc e . 
Phyto t oxins in l i t ter are capab l e  o f  mob i l ity and e ffe ct ive 
t oxic ity but are sus cept ib le  t o  t rans forma t i on , degrada ­
t ion , and d e t o x i ficat i on . Al l e lopat h i c  succ e s s  o f  phyt o ­
tox ins i s  dependent upon maint aining a re s i dual leve l  o f  
t ox i c i ty during the year . Without e ffe c t ive phyt ot oxin 
conc entrat i on s , al l elopathy would b e  incomp l e t e  and 
i dent i ty o f  the he ath b a l d s  coul d b e  l o s t .  
As s e s sment o f  al l e lopathic p o t ent i a l  in the l it t e r s  
o f  the two he ath b alds  re qui re d a program t o  measure the  
pres enc e o f  phyt o t oxins and the inh ib i t o ry e f fe c t ivene s s  o f  
the l itters . 
I .  MATE RIALS AND METHODS 
A s ingle 2 5  m2 s amp l ing l o c at ion was e s t ab l i shed on 
e ach he at h b al d .  E ach area was c o rdoned of f ,  and grab 
s amp l e s  o f  who l e  l it t e r  were removed at two -we ek int e rva l s  
for b io as say ( Ch ap t e r  V ,  page s 1 9 - 2 1 ) and chemic al  analys i s  
( Chap t e r  V ,  p ages 2 1 - 2 5 ) . 
A two -way analys i s  o f  vari anc e with rep l ic a t ion was 
us e d  t o  t e s t  di ffe renc es  in rad i c l e  growth of  Ab ie s fras e r i , 
B e t ul a  l ent a , and Tsuga canadens is  ge rminat ing se eds  sub ­
j ec t ed t o  di ffe rent sub s t ra t e  tre atment s ( Sokal  and Rohl f 
1 9 6 9 ) .  Sub s t rat e  t re atment s we re aqueous le achat e s  o f  
l it t e r  s amp l e s taken from e ach he ath b a l d  ( Chap t e r  V ,  page s 
1 9 - 2 1 ) .  Al l treatments we re rep l i cated  thr e e  t ime s . 
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I I .  RESULTS AND CONCLUS I ONS 
Resul t s  of the chemical  survey of he ath b al d  l i tt er s  
a r e  pre s ente d  i n  Tab l e  1 0  for s it e  A and i n  Tab l e  1 1  for B .  
Two l it t e r  s amp le s  from e ach month we re ana lyz e d  from e ach 
bald . The numb er  of t imes a c ompound was det ect e d  in the 
s ample s from e ach locat i on ( frequency) i s  indi c a t e d  in 
Tab l e s  1 0  and 1 1 . The s even pheno l i c  c omp ounds ident i fi e d  
i n  T ab l e  1 0  wer e  detected a t  di ffe rent periods  through the  
ye ar. The frequency o f  d e t e c t ion for gal l ic ac i d ,  hydro ­
qu inone , p-hydroxyb enz o i c  ac i d , and rhod odendr o l  increas ed 
from July through Octob e r .  This change corre s p onds t o  an 
increa s e  in l i t t e rfall  dur ing the same p e r i od . A s imi l ar 
compari son c an b e  made at s it e  B whe re gal l ic acid , p -hydroxy ­
b en z o i c  ac i d , and vanil l i c  a c i d  incr e as ed  with l i t t e rfal l . 
The p e ri od o f  max imum l it t e r fa l l  at e ach s i t e  was the s ame . 
The direct  re l at i onship b e twe en li t t e rfal l  and pres enc e o f  
phenol ics  reve al s that the s e  compounds d o  no t remain i n  the 
l it t e r. Without a cont inuous  influx o f  canopy mat e r i al , 
pheno l ic compounds are rapidly los t from the l it t e r .  L o s s 
may b e  attr ib ut e d  to  l e ach ing and mic rob ial  degradat ion .  
Phe no l ic c ompounds det ec t e d  b e twe en Novemb e r  and June appe a r  
t o  b e  from new l i tter rather than res idual  toxi ci ty . 
B ioas says were conduc t e d  on aque ous le achat e s  o f  
monthly l i t t e r  s amp l e s  taken from s it e s  A and B .  Res pons e 
o f  Ab ie s fras e r i  s eedl ings t o  s ite  A and B l i t t e r  l e achat e s  
TAB LE 1 0  
CHEMI CAL SURVEY OF L I TTE R FROM ·RHODODENDRON 
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acompounds extrac t e d  from l it te r  and ident i fi e d  
by  methods de scribed  i n  Chap t e r  V ,  pages 2 1 - 2 5 . 
b ( - ) Compound not det ected  in e i the r s amp l e . 
( + ) C ompound detected  in one s amp l e . 
( + + ) Compound detect ed  in two s ampl e s . 
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TAB LE 1 1  
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acompounds ext racted from l i t t e r  and ident i fi e d  
by methods de s c ribed  i n  Chap t e r  V ,  pages  2 1 - 2 5 . 
b ( - ) Compound not  det ec t e d  in e i the r s amp l e . 
( +) C ompound detected  in one s amp l e . 
( + + )  C ompound det ec t e d  in two s amp l e s . 
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i s  i llustrated  in F igure 2 .  Al l l e achat es pro duc e d  rad i c l e  
inhib i t i on i n  Ab i e s . S t at i s t ical  analys i s  indicated  that 
var i ab i l ity in radic l e  inh ib i t ion do e s  not di ffe r sign i f i ­
c an t l y  b e tween s it e  A and B l it t e rs ; howe ve r, a h ighl y 
s ign i fi c ant d i fferenc e ( P  > 0 . 0 0 1 )  was detec t e d  b etwe en 
monthly s amp l e s . Cycl ical  t rends c an b e  not e d  from the two 
dat a  s e t s  pre s ente d  in Figure 2 .  Peak inhi b i t i on, occur ring 
in the  fal l , i s  fo l lowe d b y  a dec l ine in the wint er  and 
spring and an inc rease  in the summe r .  The inhib i t ion pat t ern 
described  for s it e s  A and B r e s emb les  the monthly l i t te rfal l 
cont r ibut ion o f  Rhododendron l e av e s  at each s it e .  Calcu l a ­
t i on o f  the p ro duc t - mo ment corre lat ion coeffic i ent ( r) 
b etwe en monthly  Rho dodendron l e a f  fal l and perc ent rad i c l e 
reduc t i on in Ab ie s fra s e ri produce d  value s o f  0 . 4 5 fo r s it e  
A and 0 . 1 8 for B .  The c o rr e l at ion coefficients do not indi ­
cate  a h igh as s oc i at i on b e tween l e af fal l and pe rc ent 
inhib i t ion at e i the r s it e . 
Resu l t s  o f  the b ioas s ays us ing B etul a l ent a as t es t  
mat e r i al are pre s ented  in Figure 3 for s it e s  A and B .  B et ul a  
s eedl ings wer e  found t o  b e  gene rally l e s s  s ens i t ive to 
l i t t e r  l e achat e s  than thos e o f  Ab ie s .  Desp i t e  the re duct i on 
in s ens it ivity , the s e as onal inhib i t i on pat t e rn desc rib e d  
for Ab i e s  als o  app l ies  t o  B e tul a .  Stat i s t ical  analys is  o f  
t h e  b ioas s ay data indicates  n o  s ignifi cant d i f fe renc e in 
r ad i c l e  inh ib i t i on b e tween s it e s  A and B l i t t e r  t re atment s .  
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F i gure 2 .  The e ffe ct  o f  aqueous l e achates o f  
monthly l it t e r  samples from sites A ( Rho dod end ron maximum) 
and B ( Rhodo dendron catawb i ense)  he ath b alds on rad1cl e -
growth ( exp ressed as p e rcent age of cont ro l )  in Ab i es 
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Figure 3 .  The e ffe ct  o f  aqueous le achat e s  o f  
monthly li t t e r  s ample s from s i t e s  A ( Rhododendron maximum) 
and B (Rhododendron catawb i ens e) heath balds on rad1cle ­
growth (expres sed  as  p erc ent age o f  contro l )  in B e tula 
lenta . 
s o  
d i fferenc e ( P  > 0 . 0 0 1 )  b etwe en monthly li t t er treatment s 
o f  b ot h  s it e s . C o rrelat i on co e ff i c i ent s b e twe en monthly 
Rhododendron lea f fall and pe rcent r ad icle reduc t i on in 
B etul a  lent a are 0 . 5 3 for s it e  A and 0 . 4 7 for B .  Although 
the s e  correlat ion coe f fic i ent s are h ighe r  than thos e 
c alculat ed for Abi e s , the r value s are not large enough t o  
indicate  a h igh as s o c i at i on b e twe en the variable s .  
The b io a s s ay s  employing T suga canadens i s  y i elded 
r e s ult s that were s imilar to tho s e  of the  other t e s t  spec i e s . 
S t at i s t i cal analys i s  o f  the b ioas say dat a indicate  no s ig­
n i fi cant di ffe rence b e twe en the l i t t e r s  o f  s i t e s  A and B in 
p roduc ing radicle reduc t i on in T suga s e e dl ings . As with 
o the r t e s t  spec ie s , the d i ffe rence b etween monthly lit t e r  
t re atment s was s igni ficant ( P  > 0 .  0 0 1 ) . The T·suga data ind i ­
c a t e d  a dis t inct forward shift in the period  o f  peak inhib i ­
t i on ( Figure 4) . At b oth s i tes , the p e r i od o f  pe ak inhib i ­
t i on b egan and decl ined a month e a rl i e r  than for Ab i e s  and 
B e tula . Thi s  shift did not p roduc e a s trong c orrelat i on 
b e tween monthly Rhododendron l e a f  drop and p e rc ent radi c l e  
re duct ion o f  Tsuga at s i te A whe re r = 0 . 4 3 .  At s ite  B, 
howeve r, a co e ff i c i ent o f  0 . 7 9 indica t ed a s t rong as s o c i a t i on 
b e tween the var i ab les . Other than the s e  di ffe renc e s , the 
inhib i t ion pat t e rn e s t ab l i she d for T suga at s it e s  A and B 
corresponds t o  thos e de s c r ib ed  for the o the r t e s t spec i e s .  
The purp os e  o f  the inve st iga t i on was t o  t e s t  for 
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Figu re 4 .  The e ffe ct of aque ous le achat e s  o f  
monthly li t t e r  s ample s from s i tes  A ( Rho dod endron maximum) 
and B ( Rhododendron catawb i ense )  heatn balds on radlcle 
growth (expr e s s ed as pe rcent age o f  cont ro l )  in T s uga 
canaden s i s . 
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sub s e quent ly t o  a s s e s s  the al l e l opath ic  potent i al o f  the s e  
medi a .  A sui t e  o f  phyt ot oxic comp ounds was i s o la t e d  and 
ident i fi e d  from b o th l ocat i ons and the fre quency o f ·  each 
c omp ound e s t ab l i s he d .  The c ont inued pres ence of t ho s e  
sui t e s  appears  t o  b e  dependent upon con t inuous int roduc t i on 
o f  Rho do dendron l e af mat e r i al from the canopy . Without t h i s  
influx , t h e  pheno l i c s  are no t re t a ined i n  t h e  l it t e r .  
B io as s ays us ing aqueous l it t e r  l e achat e s  from s it e s  
A and B indicat e d  a s e a sonal cyc l e  o f  inh ib i t ion a t  both  
heath balds . Max imum inh ib i t i on occurre d  in  the summe r , 
dec l ined  in the l at e  fal l through wint e r , and inc reas ed in 
the sp ring. 
The comb inat ion o f  chemical analys es  and b i oa s s ays 
indi c at e the p o t ent ial for a l l e l op athic  int e r fe renc e in the 
l i t t e r  z one s o f  e ach heath  b al d .  The maximum inhib it ion 
o c curre d dur ing the sp ring and summer months . Inhib i t i on 
occurred the remainder of  the yea r  provi ding a det e rrent 
t o  the overwint e r ing s e e ds of woody comp e t itors . 
CHAPTE R IX  
HEATH RHI Z OS PHE RE 
The imp ortance o f  the s o il has s eldom b e en unde r ­
e s t imated b y  inve s tigat ors o f  alle lop athi c  int e r ference . 
The zone b e twe en l i t t e r  and b e drock i s  the envi ronment 
that c an mos t  thoroughly t e s t the compet i t ive cap ab ilit i e s  
o f  a s pec i e s . B eyond the s ucce s s ful acquis i t i on o f  wat e r  
and nut rient s , e s t abli shment and c ont rol o f  space i s  
mandatory . L onge vi ty and int egri ty o f  this space can c on ­
t ribute to the int e rspe c i fi c  succ e s s  o f  the spe c i e s . 
As in the canopy , nume rous pathways are avai lab le fo r 
the p roduct i on o f  allelop athic int e r fe rence in s oi l .  S o il 
can b e  affe c t e d  e xt e rnally by  canopy and lit ter  le achat e s  
( Tukey 1 9 7 0 )  and inte rnally by  roo t  exu dat es (Woods 1 9 6 0 )  
and dec ay produc t s  ( Grummer 1 9 6 1 ) . Ac cumulat i on o f  phyt o ­
t oxins at the s urface o r  at di ffe rent dep ths c an re duc e the 
vi ab ili ty o f  b uri e d  s ee d  ( E venari 1 9 4 9 )  and produce a 
deterrent to s uccessful establishment of competitive root 
s ys t e ms (Woods 1 9 6 0 ) . 
Fo r the s e  re as ons , the pre s ence o f  phyto t ox ins in 
heath b ald roots  and s oi l  was inve s t i gat e d .  Allelopathic 
potential of heath s o ils was examine d b y  b i o as s ay to  d e fine 
p e r i ods of maximum adve rs e e ffe ct to the germinating s e e d  
o f  woody comp e t i t o rs . 
5 3  
I . ROOT SYSTEMS 
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De C ando l l e  ( 1 8 3 2 )  was among the fi rs t o f  the modern 
s c ient i s t s  t o  sugge s t  that root exudat e s  from one speci e s  
could  adve rs e ly affe c t  anothe r  in natur al p l ant commun i t i e s . 
Root s have ro ut ine ly b e en inve s t i ga t e d  for phytot oxins s ince 
that t ime , and a vari ety o f  o rgan i c  c omp ounds (Wo ods 1 9 6 0  
and Wint er  1 9 6 1) and re l e as e  mechani sms (Wh i t taker and 
Fe eney 1 9 7 1 ) have b een i dent i fi e d .  
B eyond init ial toxi c i ty ,  phyt o toxi c i ty c an b e  enh ance d  
b y  ro o t  sys t e m  configuration . Root  dens ity and depth may 
provi de a di re c t  means o f  exerting al le l opathic  c ontrol in  
the s oi l .  Phyt o t oxin re l e a s e  ne ar  the  sur fa c e  could  thwart 
s ee d  ge rminat i on and e s t ab l i shment . At gre ate r depths , 
invading root s  and rhi z ome s coul d b e  excluded by  root exuda ­
t i on ,  l e aching , and dec ompos i t i on .  
The extent t o  which a l l e l op ath i c  int e r fe rence c an b e  
exp r e s s ed b y  the roo t  sys tems o f  he ath b ald c ons t i tuents was 
inve s t i gate d .  S tudi e s  we re init i a t e d  t o  det e ct phytoto xins 
produced in di ffe rent s i z e d  roots and t o  de fine the i r  z ones 
o f  greate s t  p otential  influence . 
Mat erials  and Methods 
S o i l depth was me asur e d  at 10 m inte rva l s  along 
t rans e c t s  through e ach s it e . Five locat i ons were s e le c t ed 
on e ach s i t e  for excavat i on o f  0 . 5  x 0 . 5  m s o i l  columns . 
Columns were remove d  in 2 0  em s e gment s . S e gment s were 
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washed  ove r  2 mm s c reens and root mat e ri al remove d .  Roo t s  
we re s orted into five s i z e  c l a s s e s , a i r  dri e d ,  and we i ghe d .  
Sub s amp l e s  were taken from e ach s i z e  c l a s s  for chemi ca l 
ext rac t i on and i denti fi ca t i on of phytotoxins ( Ch ap t e r  V ,  
p ages  2 1 - 2 5 ) .  
Re s ul t s  and Conc lus ions 
The dominan t  species  on b ot h  s it e s  exh ib i t e d  ext ens ive 
• 
and c o mp l e x  root  sys tems charact e ri z ed by  a deep ly - s e at e d  
roots t ock  ( caudex) . C aud i c e s  l e s s  than 1 0  e m  i n  di ame t e r  
o ccurred  at or near the surface , whi l e  l arger s t o cks were  
not ed at  all  depths . C audex  di ame t e rs ranged  from 5 t o  50  
em . T aproot s were abs e nt from the caudi c es , l eaving anchor age 
to enlar g e d  s e con dary ve rtical  ro ots . L ate ral roo t s  ext ended 
from the caudex to b ranch and reb ranch at  a l l  dep ths . Mas s e s  
o f  fib rous roo t s aro s e  from lateral  roots , rh i z ome s , and 
c audi ces , int ertw ining t o  p ro duce a t i gh t ly woven root fab ri c 
in the fi rs t 4 0  em o f  s o i l . Rhi z omes al s o  eme r ge from the 
caud e x , ext ending hor i z ontally  at depths b e tween 5 and 20  em . 
Tab l e  1 2  p re s ents the dry wei ght of  l i ving unde rgro und 
organs p e r  he c t are re c ove re d from s uc ce s s ive 2 0  em s o i l 
depth s . Tot al dry we i ght at each depth repr e s ents cont rib u -
t i ons  from rhi z ome s and five s i z e  c l as s es o f  roo ts . Dens ity 
o f  underground organs was greates t in the fi rs t 20  em s amp l e  
o f  b o th s i t e s . Forty - s e ven percent o f  the t o t al we i ght 
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TAB LE 1 2  
DEPTH D I STRI BUT I ON AND WE I GHT OF UNDERGROUND 
ORGANS IN  TWO HEATH BALDS 
SJ.ze 
Weig!it · (103 kg/ha} 
Total 
Class a 1 2 3 4 5 (103 kg/ha) 
8 . 7  5 . 1  3 . 6  7 . 4b 9 . ab 34 . 6  
(25%)  c (15%) (10%) (21%)  ( 28%)  (47%)d 
8 . 3  2. 9 3 . 3  3 . 3 3 . 0  20 . 8  
(40%) (14%) (16%) ( 16%) (14%) (28%) 
3 . 1  1 . 0  2. 5 9 . 3  2. 6 18 . 5  
(17%) ( 5% )  (14%) (SO%) (14%) (25%)  
20 . 1  9 . 0  9 . 4  20 . 0  1 5 . 4  73 . 9 
( 27%)  (12%)  (13%) ( 27%)  (21%) 
12. 9 7 . 9  5 . 5b 26 . 3  
(49%) (30% )  (21%) (42%)  
8 . 6  4 . 8  6 . 0  5 . 5  24 . 9  
(35%)  (19% )  ( 24%) (22%) (40%)  
1 . 2  0 . 2  5 . 4  4 . 7  11 . 5  
(10%)  (2%)  (47%) (41%) (18%) 
22. 7 1 2. 9  16 . 9  10 . 2  6 2. 7 
(36%)  (21%) (27% )  (16%)  
ac1ass 1 - 0 . 1  to 1 mm; 2 - 1 . 1  to 5 mm ;  3 - 5 . 1  to  10  mm; 
4 - 10 . 1  to 50 mm; 5 - > 50 mm. 
bvalues include rhizomes. 
CPercent , by weight , of sample . 
dpercent , by weight , of total . 
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Roo t  dens ity decreas e d  at s it e  A b e l ow 2 0  ern . Dens i ty a t  
s it e  B rema ine d c ons t an t  t o  a dep th of  4 0  e rn  but dec re a s ed 
marke dly b e low thi s  leve l . We i ghts ob t a ine d from both 
s it e s  are c ons i s tent with value s  rep o r t e d  for the root 
sys tems o f  other shrub heathl ands ( Chapman 1 9 6 7  and Spe ch t  
and Rays on 1 9 5 7 ) . 
D i s t ribut ion o f  unde rground or gans indi c a t e s  that 
fib rous root s  ( Cl a s s  1 ,  0 . 1  to 1 . 0  mrn in diame t e r) were 
p rominent con s t i t uents in the root  comp lexes of b oth he ath 
b alds . The p e rc ent age of fib rous roots  in the firs t 40 ern 
of s o i l  was 3 0 %  in  s ite  A and 4 2 % in B .  Fib rous roo t s  de ­
creas e d  b e l ow thi s  depth at  b oth s it e s . L at eral roots , 
which cons t i tute the maj or i ty o f  C l a s s  2 and 3 roo t s , had a 
d i s t ribut i on s imi l ar t o  the fibrous roo t s . Rhi z ome s and 
ve rt i c a l  roo t s  o ccurre d predo minantly in C l as s e s  4 and 5 on 
s ite  A and in C las s e s  3 and 4 on s i te  B .  The s e  underground 
organs we re repr e s ent e d  at al l depths , with rhi z ome s ne ar 
the s urface and l arge roo t s  increas ing in importanc e with 
dep th . 
Chemi cal  analys e s  indicated  the pres ence o f  c af fe ic  
ac i d ,  fe ru l i c  ac i d ,  gal l i c  a ci d , gent i s i c  aci d , hydroquinone , 
p -hydroxyb en z o ic acid , 2 -p inene , and rhodod endro l  in s i z e  
c l as s e s  o f  root s . 
The root sys tems of  b oth heath b alds contain c omp ounds 
capab le  of induc ing or cont ribut in g t o  al le lopath ic inte r ­
fe rence in s oi l . The s e  compounds were det e c t e d  in al l s i z e  
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c l as s es o f  root s (not inc ludin g  rh i z ome s ) , thus a ffo rding a 
p o t ent i al s ource o f  inhib it i on at every depth . The re l a ­
t i onship b etwe en phyt otoxin concent rat i ons and root  s i z e  
was not examine d .  Without concent rat ion e s t imat e s , the 
re l at ive impo rtanc e of the ro ots  at e ach depth cannot b e  
evaluat e d .  H oweve r ,  as s t a t e d  earl ie r ,  the great e s t  root  
dens ity at  b o th s i t e s  was re c o rded  in  the  fi rst  20  e rn  o f  
s o i l . The 0 - 2 0 ern zon e  had almo s t  al l s i z e  c l a s s es, and 
as suming that phyt ot oxin concent rat ions and r e l e as e  me chan ­
isms are con s t ant with dep th , the fi r s t  s o i l  z one should  b e  
the mo s t  tox i c  t o  germinating s e e ds . 
I I . S O I L 
So i l  forming proce s s es have the potent i a l  t o  enhance 
a l l e l opathy in p l ant communit i es . So i l  phys icoch emi ca l and 
b iochemical  proc e s s e s  p rovi de an opportunity to contr ibute 
t o  the phyt o t ox i c  defens e again s t  invas i on .  Phyto t oxins 
int ro duced from c anopy , l i t t e r , root s , and m i c rob i a l  de grada ­
t i o n  of  plant re s i due s may b e  ads orb e d  on s o i l  c o l l oi ds . 
Re t ent ion on c o l l oi ds c an increa s e  phyt ot oxi ci ty by  conc en ­
t rating c omp ounds in s t ra t e g i c  s o i l  z one s and p e rp etuating 
the i r  influenc e  through the year . C onvers e ly ,  ads orp t i on 
c oul d a l s o  deactiv at e  phyt otox ins . C ompounds not s t ron gly 
ads orb e d  on c o l l o i ds mi grate through the s oi l ,  ext ending 
influence int o othe r re gions . 
Re gard l e s s  of o r i g in , dep th , o r  mob i l i ty ,  phytot oxins 
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are s ub j e ct t o  microb i al  de gradat i on .  At or near th e s o i l 
s ur fac e , comp ounds may encount e r  the s ame synthe s is and 
decomp o s i t i on p r o c e s s e s  that oc cur in l i t t e r .  Compounds 
that mi grate through s o i l  may b e  sub j ect  to oth e r chemi cal  
p ro ce s s es . D i f fe rent spe c i e s  of s o i l  o rganisms occupy 
di ffe rent pos it i ons along c hemi cal g radient s in the s o i l  
envir onment . Thes e  spe c i e s  have b ecome b i ochemi cal ly 
adap t e d  to uti l i z e  p l ant r e s i due s , phyt otoxins , and o the r 
foo d  sourc e s  (Wh i t t aker and Feeney 1 9 7 1 ) . Re s i du a l  pr es enc e 
o f  phytotox ins  in the s o i l envi ronment repre s ents a b a l ance 
b e twe en mi crob i al degradat i on and int r oduc t i on and fo rmat i on 
o f  new c ompounds (Wint er 1 9 6 1) . 
Rec o gn i z in g  that phyt ot oxins c an· b e  ret aine d in s oi l ,  
an inve s t igat i on was unde rtaken t o  as s e s s  the imp o rtance o f  
he ath b ald s o i ls in cont ribut ing t o  al l e lopathy . S o i l s  from 
e ach heath b a l d  were peri o d i c al ly analy z ed for phytot ox ins . 
The frequency o f  phyt o t oxins in the s o i l s  was examine d ,  and 
the inh ib i t o ry c ap ab il i t i e s  o f  the he ath b ald s o i l s were 
det e rmine d for each month o f  the yea r .  
Mat e r i als  and Methods 
Three s amp l ing s t at ions we re randomly l ocat e d  on b o th 
b al ds . A 1 x 0 . 2 5 rn a rea  was de fine d at each s t at i on , from 
which s oi l  s amp l e s  were remove d  at two -we ek int e rvals . S o i l  
s amp l e s  were remove d i n  5 x 1 5  em c o re s . Samp l e s  were tak en 
at the b eg inning of  the inve s t i gat i on from the adj ac ent Ab i e s  
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and Que rcus / B e tu l a  fores t s . All l i t t e r  was removed from the 
cores  b e fore they were indi vidual ly p ackage d  and fro z en .  
C o re s  we re a i r - dri e d  and s c re ened through a 2 mm mes h  s ie ve 
t o  remove roots  and s t one fragment s .  S amp le s we re c omb ine d 
by s t a t i on and month and a s in gle 1 0  g sub s amp le removed for 
chemi c a l  ana lys i s  of phyto t ox ins ( Chapt e r  V ,  pages  2 1 - 2 5) . 
F rom the remainin g monthl y  s o i l  s amp l e s , a 1 0  g sub s amp le 
was remove d for b io as s ay ( Ch ap t e r  V ,  page s  1 9 - 2 1 ) .  Twe lve 
month ly s oi l  s amp le s  were us e d  to  p rep are aqueous le ach at e s  
for e ach he ath b al d .  
A two - way analys i s  o f  var i ance  with rep l i ca t i on wa s 
us ed  t o  t e s t  d i f fe rence s  in radi cl e  g rowth o f  Ab i e s  fras e ri , 
B e tul a l enta , and Tsuga c anadens i s  s eeds t rea t e d  with  aqueous 
s oi l  l e achat e s  from the two s it e s . Product -moment c o rre l a ­
t ion c oeffi ci ent s ( r) were c a l cul ate d  b etwe en l i t t e r  and 
s oi l  b io as s ays from each s i t e . A s ec ond s e t  of c o rre lat i on 
c o e ffi c i ent s was c omput e d  with s o i l  data  o ff - s e t  s ix months 
to inc orporat e a t ime lag b e tween trans fe r of phyt ot oxins 
from l it t e r  t o  s oi l .  
Res ul t s  and C onc lus ions 
Chemi c al s urvey re sult s of s o i l s  from s i te  A are pre ­
s ente d  in T ab l e  1 3  and in Tab l e  1 4  fo r B .  The s ame e i ght 
pheno l i c  c omp ounds we re de t e ct ed in the s o i ls of e ach hea th 
b a l d .  S ix o f  the s e  c omp ound s wer e p re vi ous ly ident i fi e d  in 
the l i t t e r .  Two addi t i onal c omp ounds , c a ffe ic and gent i s ic  
TAB LE 1 3  
CHEMI CAL SURVEY O F  MONTHLY SOI L SAMPLE S TAKEN FROM 
A RHODODENDRON. MAXIMUM HEATH BALDa 
S amp l e  
Dat e  
F eb . ( 1 9 7 3 ) 
Mar . 






Oct .  
Nov . 
Dec .  
Jan . ( 1 9 7 4 )  
+ 
+ +  





Ident ifie d  Gompoundsh 
+ 
+ +  
+ 
+ +  + 
+ +  + 
+ +  + + +  
+ +  + +  





+ + + +  
+ 
+ + 
+ +  
+ +  + + +  
+ + +  
+ + 
+ +  + 
+ + +  
+ + + +  
+ +  + 
+ + 
+ + +  
+ + 
+ 
+ +  
+ +  
+ + +  
+ 
+ 
+ + +  





+ + +  
+ 
ac ompounds ext racted from s o i ls and identi fie d 
by  me thods de s crib e d  in Chap t e r  V ,  page s 2 1 - 2 5 . 
b ( - ) C ompound not detected  in any s o i l  s amp le s .  
( +) Compound det e c te d  in one s o i l  s ampl e .  
( + +) Compound d e te c t e d  in two s o il samp l e s . 
( + + + ) Compound det e c t e d  in t hre e s o i l  s amp l e s . 
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TABLE 1 4  
CHEMI CAL SURVEY OF MONTHLY SO I L  SAMPLE S TAKEN FROM 
A RHODODENDRON CATAWB I ENSE HEATH BALD a 
S amp l e  
Date  
Feb . ( 1 9 7 3 ) 
Mar . 




Aug .  
Sept . 
Oct . 
Nov .  
Dec . 
Jan . ( 1 9 7 4 ) 
+ 
++  
+ +  
+ +  + 
+ + +  






I dent i fied Comp ounds b 
+ 
+ + +  
+ ++  
+ + 
+ 
+ +  







+ + +  







+ +  
+ + +  + 
+ + 
+ +  + +  
+ + 
+ + +  ++ 
+ + +  + + +  
++  + 
+ + 
+ + +  ++  
+++  +++  
++  +++  
+ +  + 
acompounds ext racted from s o i l s  and i dent i fi e d  
by me thods de s cr ib ed i n  Chapt e r  V ,  page s 2 1 - 2 5 . 
b ( - )  Compound not d e t e c t e d  in any s o i l  s amp l e s . 
( + )  Comp ound det e c t e d  in one s o i l  s amp l e . 
( + + )  Compound det e c t e d  in two s o il  s amp l e s . 
( + + + )  C ompound det e cted  in thre e s o i l  s amp l e s . 
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ac i ds , we re al s o  ident i fi e d .  The latter  comp ounds rep res ent 
cont ribut i ons  from Rhododendron root s . Feru l i c  a c i d  and 
2 -p inene were d e t e c t e d  in Rhododendron roots  but we re not 
found in any of  the s o i l  s amples . The numb er  o f  t imes e ach 
comp ound was de t e cted  in the thre e s o i l  s amp le s  of e ach 
month is  p r e s ent e d  in T ab l e  13 for s it e  A and in Tab le 1 4  
for B .  Hydroquinone , p - hydroxyb en z o i c  acid , rhododendrol , 
and van i l l i c  ac i d  we re the mo s t  fre quent ly det e cte d c om ­
pounds a t  s ite  A .  Gal l ic acid , phl orog lucinol , rhododendro l ,  
and vanil l i c  a c i d  c omp o s e  the group o f  mo s t  fre quent ly de ­
t ec t e d  c ompounds at s it e  B .  
Chemi cal  analys i s  o f  Ab ies fores t s o i l  revealed  the 
pres ence of c amphene , a -phe l l andrene , 2 -p inene , ca ffe i c  
aci d ,  and van il l ic aci d .  The Que rcus /B"e tu1 a so i l  s amp l e s  
cont ained gal l i c  and p -hydroc innam i c  acids . B oth fore s t  
s o i ls a l s o  cont ained unident i fi e d  compounds . 
B io a s s ays o f  aqueous s o i l  leachat e s  us ing Ab ie s fras e r i  
are p re s ent e d  i n  F igure 5 for s i t e s  A and B .  S o i l s  c o l l e c t e d  
i n  a l l  months inh ib i t e d  radi c le g rowth i n  Ab i es . S t at i s t i c al 
analys is  indic ate d  that vari ab i l ity in rad i c l e  growth di ffe rs 
s igni ficantly ( P  > 0 . 0 0 1 )  b e tween s o i l s  of s it e s  A and B but 
not b etween monthly so i l  s amp l e s . Analy s is of s it e  A l it t e r  
and s o i l  b io as s ays reve ale d  no s i gn i fi cant di fference b e tween 
the two t reatment s , b etween monthly s amp le s ,  or othe r int e r ­
act i ons . An alys i s  o f  the re l at ionship b e twe en s it e  B l i t t e r  
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F igure 5 .  Rad ic l e  re duction  (pe r cent age o f  con ­
t ro l )  o f  Ab i e s  fras eri  in monthly s oi l  s amp l e s  from 
s it e s  A ( Rho dod endron maximum) and B ( Rh o dodendron 
catawb i e n s e )  he ath balds . 
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b e twe en tre atments and no di fference b etween monthly s amp l e s  
o r  t re atment inte rac t i ons . Lack o f  s i gni fic ant int e ract i on 
b etwe en tre atments is support ed  by the l ow r value o f  0 . 1 8  
for s ite  A and 0 . 4 8 for B .  Calcu l at i on of c o r re lat ion co ­
e ffic i ents us ing a s ix-month  s h i ft in the s o i l  data p roduc ed  
no r values great e r  than 0 . 3 8 for e i ther s it e . The s e  
analys e s  indi c at e  t hat the s e a s on al inh ib it i on pat t ern pro ­
duce d  in Ab i e s  fra s eri  from l i t t e r  le achat e s  was not repeated  
in the s o i l  o f  e ithe r he ath b ald . Lack o f  a s e a s onal inh ib i ­
t i on pattern may b e  due t o  the c ont inua l pres enc e o f  
p- hydroxyben z oic  a c i d , rhododendrol , and van il l ic a c i d  in 
the s o i l  of s it e  A and phl o ro g luc ino l , rhododendro l ,  and 
van i l l ic ac i d  in the s o i l  o f  B .  
Re sul t s  o f  the b ioas s ays us ing B etul a  lent a as t e s t 
mat e r i al are pre s ented in F i gure 6 fo r s it e s  A and B .  
S t at i s t ic a l  analys is indicat e d  a s i gn i fi cant d i f fe renc e 
( P  > 0 . 0 5 )  b e twe en rad i c l e  growth o f  B etula  t re at e d  with 
s o i l  l e achat e s  from s i t e s  A and B but not b e twe en monthly 
s o i l  s amp l e s . Analys i s  o f  s i t e  A s o i l  and l it t er b i oas s ay s  
reve al e d  a h i ghly s i gn i fi cant d i fference ( P  > 0 . 0 0 1 )  b etwe en 
the two treatments but not b e tween the i r  inte r ac t i ons or 
monthly s o i l  t re atments . Res u lt s  of  s it e  B analys is  we re 
ident i c al to tho se  of  s ite  A .  Corre l at i on coe ffi c ient s 
b e twe en l i t t er and s o i l  were 0 . 3 7  for s it e  A and 0 . 2 1 fo r B .  
The s e  valu e s  indicate a lack o f  as s o c i ation b etwe en l i t t e r  
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Fi gure 6 .  Radicle  re duct i on (pe rcent age o f  c on­
tro l)  o f  Betul a l ent a in monthly s o i l  s ample s  from s it es 
A ( Rhododendron max�mum) and B ( Rhodod endron c a t awb iens e )  
he ath b alds . 
shi ft in s o i l  dat a , s e t s  o f  r value s were  comput e d  for 
s it e s  A and B .  The l arges t value c a l cu l at e d  fo r s it e  A 
was 0 . 5 1 and 0 . 5 5 for B whi ch co rre spond t o  four and two 
month o ff - s et s , respe c t i ve ly .  Even the s e  gre a t e r  value s 
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do not  ind i c a t e  a h igh as soc i at i on b e tween the s o i l  and 
l i t t e r  of e ithe r s ite . As with  Ab i e s , no s e as onal inh ib i ­
t ion p at tern was found in the s o i l  dat a of s it � A o r  B .  
L ack  o f  a s e as onal inh ib i t i on pat t e rn may b e  due t o  the 
pheno l i c  compounds de s crib e d  for s it es A and B by the Ab ies  
b io as s ays . 
B io as s ay re sul t s  o f  Tsuga c anadens is t rea: e d  with 
s it e s  A and B s o i l  le achat e s  are pre s ent ed  in Figure 7 .  
So i l s  c o l le c t ed in al l months inh ib i t ed Tsuga rad i c l e  
growth . S t at is t i c al analys is  indi c a t e d  that rad i c l e  growth 
di ffe red s i gn i fi c antly (P > 0 . 0 0 1 )  b etween the s o i l  t reat ­
ments  o f  s it e s  A and B .  Di ffe rences  b etwe en monthly s o i l  
s amp le s  were s igni ficant ( P  > 0 . 0 5 ) for b oth s it e s , but the 
inte ract i ons b etween l i t t e r  and s o i l  we re not . Analys i s o f  
s it e  A l i tter  and s o i l  b io as s ays indicated di fferences  that 
we re s ignifi cant b etween t reatment s ( P  > 0 . 0 1 )  and b e twe en 
monthly s o i l s amp le s  (P > 0 . 0 5 ) . I nt eractions b e twe en l i t t er 
and s o il of  s it e  A we re not s i gn i fi cant ly di fferent . Analy ­
s is o f  s ite  B reve aled h i ghly  s i gn i ficant di fferenc es  
( P  > 0 . 0 0 1 )  b etwe en l i tt e r  and soil  t r e atment s but no t 
b etwe en the i r  inte ract ions or the month ly s o i l  s amp le s .  The 
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Fi gure 7 .  Radi c l e  re duct i on (pe rcent age o f  con ­
t r o l )  o f  Tsu�a canadens i s  in monthly s o i l  s amp l e s  from 
s ites  A ( Rho odendron maximum) and B ( Rho dod end ron 
c a t awb i ense)  he ath balds . 
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for B indicate  the lack of  s i gn i f i cant as s oc i a t i on b e tween 
l i t t e r  and s o i l . None of the coe f fi c i ents c a l cu la t e d  with 
t ime l a gs we re hi gher  than tho s e  a l re ady pre s ent e d . . Con ­
s i s t ent wi t h  t he o the r t e s t  mat e r ials , the inhib i t i on 
pat t e rn des c r ib ed in the l i t t e r  o f  b oth he ath b alds  was 
not rep e at e d  in the s o i l . The sui t e  o f  pheno l ic c�mpounds 
de fine d  fo r Ab i e s  may be r e s p ons ib l e  for the l a ck of a 
s e as onal inh ib i t i on pat t e rn in the s o il of  s it es A and B .  
Inve s t igation of  the heath b a l d  s o i l  b egan with a 
chemic al survey o f  monthl y  s amp l e s  from s it e s  A and B .  The 
survey reve al e d  nine pheno l i c  c ompounds and e s t ab l i she d 
the ir frequency in the s o i l . B i oa s s ays of s i t e  A and B 
s oi l s  we re p e r fo rmed fo r indicat i ons of  s ea s onal  inh ib i t ion .  
S o i l  b io as s ays were sub j e c t e d  to  s t a t i s t i c a l  analys is  t o  
ind i c at e  di fferenc e s  b e twe en the s o i l s  of  e ach s i te  and b e ­
twe en s ampl ing p e r i ods . S t a t i s t ical  analys e s  we re conduc t e d  
o n  the s o i l  and l i t t e r  b i o as s ays o f  e ach s it e  to  reve al di f ­
ferences  b e twe en t reatment s ,  thei r  inte rac t i ons , and monthly 
s amp l ing peri ods . Cal cul a t i on o f  c orre l at i on c o effi c i ents · 
b e tween l i t t e r  and s oi l  b io as s ays p roduc ed  r values th at 
indi c ated  a l ack of s i gni fi c ant as s o c i at i on b e twe en t reat ­
ment s . Correl at i ons c a l cul a t e d  with t ime lags  in the s o i l  
b i oas s ay dat a p rovided n o  indicat ion o f  s e a s onal inhib i t i on .  
The re sul t o f  the s e  s tudi e s  has b e en t o  e s t ab l i sh the 
inh ib i to ry potent i al of s o il from b oth heath b a l ds . Demon ­
s trati on of  cont inuous inhib i t i on on radi c l e  growth o f  t e s t  
spe c i e s  sugge s t s  that s o i l  can enhanc e  the a l l e lopath i c  
e ffe c t ivenes s  o f  phytot oxins int roduc e d  from the can opy 
and root s y s t ems o f  b o th he ath b a l d  c ommun i t i e s . 
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CHAPTER X 
SENS I TI VI TY OF F I R ,  B I RCH , AND HEML OCK  
SEEDL I N GS TO PHYTOTOXINS 
B oth re c o gni z e d  and c andi dat e  phytotoxins have b e en 
de t e c t e d  in aque ou s l e achates  and e thanol  extracts of 
he ath b ald s o i l s . l i t t e rs , and c anopy c omponent s .  Spec i e s  
pos ing the great e s t  invas i on threat to  he ath b alds may not 
b e  s us cept ib l e  to the compounds found at the s tudy s i t e s . 
The de fini t i on of  t ox i c i ty and s p e ci e s ' sus ceptib i l ity to  
the s e  suspec t e d  phyto t oxins is now nece s s ary t o  es t ab l i sh 
the i r  al le lopathi c  potent i al in he ath b al d  c ommun i t i e s . 
I t  i s  b eyond the scope  of  this  work to at tempt d e fini ­
t i on o f  al l t ox i c  p rincip l e s , ind ivi dual t ox ic i t ie s , and 
syne rgis t i c  e ffe c ts that could b e  involved in the exp re s ­
s ion o f  all e l opath i c  inte r fe rence at the s e  s i t e s . For th is 
reas on , emphas is  was on c on fi rming the tox i c i ty of sus pe ct e d  
phytotox ins and e s t ab l i shing the concent rat i on s  ne ces s ary 
to induce inh ib i t i on in the t e s t  spe c i es . 
I .  MATE RIALS AND ME THODS 
A fib e rg l as s  b i o as s ay te chnique was chos en for the 
inve s t i gat ion o f  suspect phytot oxins ( Ful le r 1 9 7 7 ) . Pre ­
g e rminat e d  s e e d  o f  Ab i e s  fras eri , B etula  lent a ,  and Ts uga 
c anad ens is  s e rve d as  t e s t  mater i a l . Five s e e ds o f  a s ingle 
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spe c i e s  were p l ant e d  in via l s  cont aining wound bundles  o f  
Pyrex wo o l .  E ach  vi al was i rrigat e d  with 2 0  ml o f  e ither 
dis t i l l e d  wat e r  ( c ontro l)  or tes t s o lut i on .  C omme rc ial ly 
obt a ine d ,  s p e c t ra l - grade c omp ounds were use d t o  t e s t  
phyt ot oxic i ty . The comme rci al comp ounds were sub j e c t e d  t o  
the s ame an alyt i c al p ro cedure s ( Chap t e r  V) us ed  to  de t e c t  
and ident i fy he ath b a l d  phytot oxins . Compounds inves t i gat e d  
we re gal l i c  ac i d , p - hydroxyb enz o i c  ac i d , phl orogluc ino l ,  
rhododendro l ,  and vani l l i c  ac i d .  A t e s t  serie s c ompos e d  o f  
1 ,  S ,  1 0 , and 5 0  mg/ 1 0 0  ml of  di s t i l le d  wat e r  was p repare d 
fo r e ach c omp ound . Te s t  vials  we re incub ate d in the dark 
at 2 5 °  C .  I ncub at i on p e r i ods  we re 9 6  hours for Ab ies  fras e r i , 
1 6 8  hours for B etula ·1ent a ,  and 3 4 4  hours fo r Ts uga canadens is .  
I I . RESULTS AND CONCLUS I ONS 
Growth inh ib it i on was det e c t e d  in Ab i e s  fras eri fo r 
the l owes t  concent rati ons o f  the five phyt ot oxins t e s te d .  
B ioas s ays o f  the five comp ounds conduc t e d  at four di ffe rent 
c oncentra t i ons are pre s ente d  in T able 1 5 .  Phloro glucinol 
was the mos t  inhi b i t ory comp ound at  the 1 mg l e ve l , and 
inh ib it ion inc reas ed  s l owly with conc ent rat ion . Inh ib it i on 
by vani l l i c  ac i d , p -hydroxyb enz o i c  aci d ,  and rhododendro l 
increas ed  with c oncent rat ion and a s i gni fi c ant growth 
re duct i on was note d at the SO mg l eve l for al l comp ounds . 
Ab i e s ' res pons e  to  gal l i c  acid  was minimal for a l l  but the 
h i ghe s t  concent rat i on .  Thi s  b i o as s ay indi c at es that 
TABLE 1 5  
THE E FFE CT OF CONCENTRAT I ON OF FIVE PHYTOTOXINS ON 
SEE DL I N G  G ROWTH IN  ABIE S FRASERI 
Cornpotmd I 
Concentration (rnB/100 rn1 D� HzO) 5 10 so 
Gall ic Acid 8 5 . 6  ± 5 . 6* 8 9 . 3 ± 4 . 5  9 5 . 3  ± 4 . 5  18 . 3  ± 1 . 1  
(88% )  (92%) (98%)  (20%) 
p-Hydroxybenzoic 96 . 3  ± 4 . 7 8 7 . 3 ± 8 . 7 84 . 6  ± 4 . 1 20 . 3  ± 4 . 9  
Acid (99%) (90%) (85%) (21%) 
Phloroglucinol 78 . 6  ± 8 . 0  66 . 6  ± 0 . 6  53 . 6  ± 1 . 1  45 . 6  ± 1 .  7 
(81%) (68%) (55%) (47%) 
Rhododendrol 87 . 3  ± 11 . 6  67 . 3  ± 8 . 2  68 . 6  ± 2 . 1  32 . 3  ± 0 . 6  
(90%) (69%) (70%) (33%) 
Vanillic Acid 84 . 3  ± 9 . 2  80 . 0  ± 9 . 8  72 . 3  ± 9 . 8  13 . 6  ± 4 . 0  
(87%) (82%) (74%) (14%) 
*Values are means ± one standard deviation . expressed in 
millimeters . and the percent radicle growth of the control for 
three replicates of five seeds each. 
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ge rminat ing s e e ds o f  Abie s  fras e ri are s us cept i b l e  t o  c e r ­
t ain concent rat i ons o f  a l l  five frequent ly - de t e c t e d  he ath 
b ald pheno l i c s . 
Tre atment o f  B etul a  l en t a  with the s ame t e s t  s e ri es 
produc ed  the resu l t s  present e d  in Tab l e  1 6 . B e t u l a  was 
found to be s ens i t ive to al l b ut van i l l i c  ac i d  in the 1 mg 
concent rat i on range .  Inhib i t i on was not e d  to  inc r e as e  with 
c oncentra t i on of p -hydroxyb enz oi c  ac i d ,  rhododendr o l , and 
van i l l i c  ac i d ;  the reve rs e  occurre d with gal l i c  ac i d . 
G al l i c  ac i d  app e ar s  to  s timul ate the radi cle  e l ongat i on of  
B etul a s e eds . No  s i gn i fi cant re l at ionship was not e d  b e tween 
inh ib i t ion and c oncent rat i on of phl oroglucin o l . This b i o ­
as s ay indi c a t e d  that a l l  phyt o t ox ins  can induce inh ib it i on 
in B e t ul a . The B et ul a  t e s t  mat e r i al proved gene ra l ly l e s s  
s ens it ive t o  the concent rations o f  phyt ot ox ins emp loye d in 
the b i oassay than Ab i e s . 
Ts uga c anadens i s  was l e a s t  inhib i t ed by the phyt o t ox ins 
in the concent rat i ons use d  ( Tab le 1 7 ) . Gal l i c  acid , 
p - h ydroxybenz oic acid , rhododendr ol , and vanillic acid 
incre as e d  inhib it i on with c onc ent rat i on . Phl o ro gluc inol 
inh ib i t e d  T s uga  the  mo s t  at the  lowe s t  concentrat ion and 
s t imulat ed growth at the h i ghe s t  c oncent rat ions . The s e  
b i o as s ay re su l t s  indicate  that rad i c l e  growth c an b e  
inh ib i t ed i n  T s uga by s el e c t  pheno l ic compounds . Only 
p -hydroxyb enz o i c  ac i d ,  rho dodendrol , and van i l l i c  acid  
continuous ly inhib ited  Tsuga at  succ e s s ive ly h i gh e r  
TAB LE 1 6  
THE EFFE CT OF CONCENTRATI ON OF F IVE PHYTOTOXINS ON 
SEEDL ING GROWTH IN BETULA LENTA 
Compotmd I 
Concentration (m�/100 m1 D.  H202 5 m 5� 
Gallic Acid 19 . 6  ± 2 . 6* 21 . 6  ± 4 . 1  23 . 3 ± 3 . 3 25 . 3  ± 1 .  7 
(65%)  ( 72%) (78%) (84%) 
p-Hydraxybenzoic 24 . 0  ± 2 . 2  23 . 3  ± 2 . 7  18 . 3  ± 1 . 0  6 . 0  ± 1 . 8  
Acid (80%) (78%) (61%) (20%) 
Phloroglucinol 2 3 . 3  ± 1 . 1  21 . 0  ± 2 . 9  19 . 3  ± 3 .  2 20 . 6  ± 2 . 5  
( 78%) ( 70%) (64%) (69%) 
Rhododendrol 19 . 3  ± 1 . 4  18 . 6  ± 1 . 0  17 . 3  ± 1 . 0  13 . 3  ± 2 . 6  
(64%) (62%) (58%) (44% )  
Vanillic Acid 30 . 0 ± 3 . 2  28 . 0  ± 2 . 2 19 . 6  ± 3 . 3 11 . 0  ± 4 . 1  
(100%)  (93%) (65%) ( 37%) 
*Values are means ± one standard deviation, expressed in 
millimeters , and the percent radicle growth of the control for 
three replicates of five seeds each. 
7 5  
TABLE  1 7  
THE EFFE CT O F  CONCENTRAT I ON O F  F I VE PHYTOTOXI NS ON 
SEEDL I N G  GROWTH IN  TSUGA CANADENS I S  
Compound ! 
Concentration (m�/100 m1 D .  H202 
5 IO 50 
Gallic Acid 41 . 3  ± 4 . 1* 37 . 3  ± 11 . 3  34 . 6  ± 5 . 5  1 7 . 0 ± 5 . 0 
(113%) (102%) (95%) (46%) 
p-Hydroxybenzoic 34 . 3  ± 6 . 3  29 . 0  ± 4 . 0  19 . 0  ± 3 . 5 11 . 0  ± 1 . 7 
Acid (94%)  (79%) (44%) (30%)  
Phloroglucinol 29 . 3  ± 9 . 5  3 0 . 0 ± 3 . 6  32 . 3  ± 7 . 5  4 3 . 6  ± 4 . 7 
(80%) (82%) (88%) (119%) 
Rhododendrol 35 . 6  ± 5 . 1  32 . 3  ± 5 . 1  25 . 6  ± 5 . 1 11 . 6  ± 2 . 0 
(97%) (88%) (70%) (32% )  
Vanillic Acid 34 . 3  ± 9 . 0  31 . 3  ± 4 .  5 28 . 3  ± 1 . 1  15 . 3  ± 4 . 9 
(94%) (85%) (77%) (42%)  
*Values are rreans ± one standard deviation , expressed in 
milliliters , and the percent radicle growth of the control for 
three replicates of five seeds each. 
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concent rat i ons . The other compounds promo t e d  growth in 
T s uga in a p o rti on of the i r  t e s t  range . 
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The purp o s e  of thi s analys i s  was t o  t e s t  the phyt o ­
t ox i c ity o f  five pheno l i c  c omp ounds fre quently de t e c t ed in 
he ath b al d  l e achat es . The c oncent ra t ion range s e l e cted 
for the s e  compounds i s  c omparab l e  t o  phyto t oxin  c onc ent ra­
t i ons repo r t e d  in o th e r  inve s t igations ( Gant and C l eb s ch  
1 9 7 5 ) . B i oas s ays of  the s e  compounds with thre e te s t  spe c i es  
indi cated that p - hydroxyb enz o i c  a c i d ,  rhododendrol , and 
van i l l i c  a c i d  c ons is tent ly inhib i t e d  the tes t s p e c i e s . 
Phlorogluc ino l d i d  not continuous ly inh ib it a l l  species  at 
all t e s t  concen t rations . Gal l i c  acid b oth p romoted  an d 
inhib i t ed radic l e  e l ongat i on o f  the t e s t  sp e c ie s . As a 
r e s u l t  o f  th i s  inve s t i g a t ion , thre e phenolic  c omp ounds have 
b een defin i t ive ly e s t ab l i she d as gene ral phyt ot oxins with 
two compounds ind i c at ing l imit e d  t ox i c i ty . 
CHAPTER XI 
GREENHOUSE INVESTI GAT I ON 
E s t ab l ishing the pres enc e and mob i l ity o f  phyt ot oxins 
in heath b a l ds doe s  not p rove al l e lop ath ic  inhib i t i on in the 
fie ld . S im i l arly , corre l at i on o f  root radi c le inh ib i t i on 
with  phytot oxin concent rat i ons in contro l l e d  s tudies  is not 
s uffi c i ent to demon s t rate a l l e l opat hy . Proof  o f  a l l e l o ­
path i c  int e r fe rence require s the demons t ra t i on o f  cont inuing 
phyto t ox in in fluence on the growth and survival of  c ompe t i ­
t o rs s ince without e ffe c t ive res i dual  inh ib i t i on ,  survivin g 
s e ed would increas e comp e t it ive pre s sure to  d i s rupt he ath 
b al d  int e grity . 
A gre enhous e inve s t i gat i on was des igne d t o  examine 
the e ffec t ivene s s  of s e l e c t e d  heath b a ld components in re ­
tarding g rowth o f  c omp e t i t o r  s eedl ings . 
I .  MATE RI AL S  AND METHODS 
A 3 x 6 fac torial  exper iment emp l oying a two -way 
anal y s i s  o f  var i ance with rep l i c a t i on was s e le ct e d  t o  t e s t  
t h e  respons e o f  Ab i e s  fras eri , B e tu l a  l ent a ,  and T s uga 
c anadens i s  s ee d l ings t o  di ffe rent wat ering and s ub s t rate 
t re at ment s ( S ok al and Roh l f  1 9 6 9 ) . The thre e wat ering 
tre atme nts  wer e  d i s t i l led  wate r  ( cont rol)  or can opy drip 
from e a ch he ath b ald . The s ix sub s t rate tre atments we re 
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s o i l  and l i t te r from e ach he ath b ald and s o i ls from the 
adj acent Ab i e s  fras e ri and Quercus b or e al i s /B e tula l enta  
fores t s  ( cont rol ) . Al l t r e atment s were per forme d in 
t rip l i c at e  for e ach t e s t  s p e c i es . 
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Duncan ' s  New Mul t ip l e  Range Tes t ( S t e e l  and Ter r i e  
1 96 0 )  was app l i e d  a t  t h e  5 %  l e ve l  t o  e ach t e s t s p e c i e s  t o  
me asure the d i fference among s ub s t rate  t reatment means . 
C anopy drip was col l e ct ed at two -we ek interva l s  
from 1 m 2 catchment s ins t a l led  a t  e ach  s it e . Each c o l l e c ­
t i on was fi l t e re d  and s t ored  under re fr i gerat i on .  Treat ­
ments c ons i s t e d  o f  two 2 5  ml appl i cat ions  p e r  week . 
S o i l s  were obt aine d by  exc avat ing 1 0  em thi ck b locks 
from s tudy s it e s  and adj acent fores t s t ands . So i l  b locks  
we re t r imme d and po s it i one d in c l ay p ot s  to  retain prop e r  
ori ent at ion .  L i t t e r  was ob t aine d from mat e r i a l s  c ol l e c t ed 
in t he l i tt e r fall  inves t igat ion . L i t t er was g round through 
a 2 mm s ieve b efore l oading int o  c l ay pots . S o i l  and l i t t er 
t r e atment s were s atur at e d  with dis t i l led wat er  p ri or t o  
pl an ting . 
Ten s ee d l ings of  e i th e r  Ab i e s  fras eri , B etu l a  l enta , 
or  T s uga  c anadens i s  were p l ant e d  p e r  pot . Aft e r  four weeks , 
the numb er  was reduced t o  five . Treatment p e r i o ds ran from 
2 0 6  day s  for Ab i e s  and T s uga to 1 3 2  days for B e t ul a .  Upon 
comp l e t i on , the ent i re s e edl ing was harve s t e d ,  ai r - drie d ,  
and we i ghed . 
I I . RESU LTS  AND CONC LUS I ONS 
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The re sul t s  o f  the s t at i s t i c al analy s e s  are pre ­
s ented  in analys i s  of  vari ance  t ab le s  for e ach t e s t  
s pe c i es (Tab l e s  1 8 , 19 , and 2 0 ) . The analys e s  indicate  
that  s e e dl ing growth o f  al l t e s t s pe c i e s  was  not s igni fi ­
c ant ly a ffe c t e d  by the di ffe rent wat e ring t re atment s . 
Vari ab i l i ty in s e e dl ing growth among s ub s t rate t reatment s 
was s igni fi c ant ( P  < 0 . 01 )  for a l l  tes t spec i e s . L ack o f  
dis t inct ion among wat er ing t reatme nt s  i s  at t ribut e d  t o  l ow 
c oncentrati ons o f  phytotoxin s . Althou gh phyt o t oxins we re 
dete c t e d  in c anopy drip , the i r  c ontr ibu t i on was not  su f ­
fic i ent to  p ro duce  s e e dl ing growth re duc t i on . 
The Dunc an ' s  t e s t  on Ab i e s  s ub s t rate  dat a indi c ate 
that , with the exc ept i on of Rm ( Rhododendron maximum) l i t t e r  
and Ab i e s  s oi l , al l treatment means were s i gn i fi cant ly d i f ­
ferent from e ach o the r ( T ab l e  2 1 ) . Heath b al d  s oi l s  we re 
the mos t  inhib i t o ry sub s t ra tes  wi th Rc ( Rhodod end ron 
catawb i en s e )  and Rm s o i l s producing t h e  gre at e s t  de gre e o f  
inh ib i t i on ,  re spect ive ly . Rc l i t t e r  w a s  t h e  th ird mos t  
toxic  s ub s t rate . Rm l it t er and Ab i e s  s o i l  ranke d fourth 
in g rowth inh ib i t i on .  The mos t  product ive s ub s t rate  was 
Que rcus b o re al i s / Betul a l ent a (Qb /B l)  s o i l .  The gre enhous e 
inve s t i gati on further reve a l e d  that , with time , Rc l i t t e r  
was a more e ff e c t ive inhib i to r  of  s e edl ing growth than Rm 
l i t t e r . 
TABLE 1 8  
TWO -WAY ANALYS I S  OF VARI ANCE WITH RE PL ICAT I ON FOR 
AB I ES FRASERI SUBJECTED TO THRE E  WATE RI NG  
AND S I X  SUB S TRATE T REAT1v!ENTS 
S o ur ce o f  Vari at i on df  MS Fs 
Tre atments 1 7  . 0 0 4 3  
A ( sub s trat e )  5 . 0 1 23 1 7 . 1 1 * *  
B (wat ering) 2 . 0 0 0 4  · . 5 5  ns 
AxB ( int eracti on) 1 0  . 0 0 1 1  1 .  6 3  ns 
E rror 36  . 0 0 0 7 
To t a l  5 3  
F. 01 [5 , 36] = 3 • 59 F. 01 [ 2 , 36 ] = 5 , 2 7  F. 01 (10 , 36 ] = 2 · 69 
TABLE 1 9  
TWO -WAY ANALYS I S  O F  VARIANCE WITH REP L I CAT I ON FOR 
BETULA LENTA SUB JE CTE D TO THREE WATERING 
AND SIX SUB STRATE T REATMENT S 
S ource o f  Vari ation df  MS Fs 
Tre atments 1 7  . 9 5 5 1  
A ( s ub s trate)  5 2 . 5 0 2 4  2 4 . 34 * *  
B (wate ring) 2 . 0 7 8 5  . 7 6 ns 
AxB ( interact ion) 1 0  . 2 5 6 7  2 . 4 9 ns 
E rr o r  3 6  . 1 0 2 8  
Tot a l  5 3  
F . 01 [5 , 36 ] = 3 · 59 F . 0 1 [ 2 , 36 ] = 5 . 27 F . 01 [10 , 36 ] = 2 . 69 
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TAB LE 2 0  
TWO -WAY ANALYS I S  OF VARI ANCE W I TH RE P L I CAT I ON FOR 
TSUGA CANADENSI S SUB JE CTE D TO THRE E  WATE RIN G  
AND SIX SUB S T RATE TREATMENTS 
S ource o f  Variation df  MS Fs 
Tre atments 1 7  . 0 2 4 5  
A ( subs t rate)  5 . 0 5 3 5 4 .  5 9 * *  
B (wa tering)  2 . 0 1 4 2  1 .  2 2 ns 
AxB ( inte ra c t i on) 1 0  . 0 1 2 1  1 .  0 4  ns 
E rror 36  • 0 1 16  
Total  5 3  
F. ol [ 5 , 36r 3 .  59 F , Ol [ 2 , 36 ] = 5 . 27 F . ol [l0 , 36 ] = 2 . 69 
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TAB LE 2 1  
ANALYSE S O F  GREENHOUSE STUDIE S ON THE DI FFE RENCE S 
AMON G SEVEN SOI L TREATMENT MEANS EMPLOY I N G  
THREE TEST S PE CI E S a 
Species Substrate Treatments 
Abies fraseri 
Qb/Bl Rm Abies Rc Rm Rc 
soil litter SOll litter soil litter 
• 286 . 255  . 251  • 231 . 201  
Betula lenta 
Qb/Bl Abies Rm Rc Rm 
soil soil soil soil litter 
1 . 635  . 662  . 591  . 282  . 218 
Tsuga canadensis 
Abies Rm Rm Qb/Bl Rc 
soil soil litter soil soil 
. 268 . 214 . 159  . 106  . 084 
anifferences a.rrong treatment means were neasured by 
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Betul a  l ent a dat a were se gre gat e d  into four s i g ­
ni fic ant ly di ffe rent group s b y  the Duncan ' s  t e s t ( Tab l e  21) . 
Rc l it ter  produced the great e s t  inh ib i t i on .  The s ec ond 
mos t  inh ib i t o ry group cons i s t ed o f  Rm l i t t e r  and Rc s o i l . 
Al thou gh s i gn i fi cant ly d i f fe rent from e ach othe r , c ontrol  
s o i l s  from the s urrounding Abie s fras e r i  and Que rcus 
b or e al i s /B etu l a  lenta fo re s t s  cons t i tute d  the thi rd and 
fourth group s , respe ct ive ly .  This  inve s t i ga t i on ext ends 
the b i oas s ay re s u l t s  by confi rming the cont inue d inh ib it ion 
o f  B et ul a  s ee dl in gs by the heath b ald sub s t ra t e s . 
The Duncan ' s  t e s t  s eparate d  T suga c anadens is  data 
int o four s i gni fi c antly di ffe rent group s ( T ab l e  2 1 ) . The 
mos t inhib i t ory group was comp o s e d  o f  Rc l i t t e r , Rc s o i l , 
and Qb / B l  s o i l . The rema ining g roups consi s t e d  of s ingl e  
treatments decr e as ing in importance a s  fol lows : Rm l i t t er > 
Rm s o i l  > Ab i e s  s o il . The long - t erm inh ib i t i on disp layed 
by Rc  and Rm l i tt e rs coul d not have b een pre d i c t e d  from 
b i oas s ay re s ul t s . B i oas s ays indic at ed  that the Rc l i t t er 
supporte d  better g rowth than al l othe r substrates while Rm 
s o i l  was gene ral ly more inh ib itory than Rm l i tt e r .  D iffe r ­
ence s b etwe en the two data s et s  may denot e  di ffe re nc e s  in 
experiment a l  t echnique . T annins , t e rpenes , and other c om ­
pounds w i t h  l ow wat e r  s o lub il i ty may b e  pres ent i n  l i t t e r  
b u t  n o t  in aqueous l e achat e s  o f  l i t t e r . The inh ib i tory 
e ffec t ivene s s  of the s e  part i a l ly s ol ub l e  comp ounds would b e  
rev e al e d  b y  g rowth exp e riments  conduc t e d  in l i t t e r  sub st rat e s . 
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Th is  c ont enti on i s  re in forc e d  by Ts uga growth on Qb /Bl  
s oi l . The genus Quercus i s  a re c o gn i z e d  s ource  o f  tannins 
and tannin de riva t ives (Howes 1 9 5 3 ) . T annins h ave �e c en t ly 
b een ident i fi e d  as  inhib i t ors  in c l imax veg e t at io n  ( Ri c e  
and Pancho ly 1 9 7 3 ) . The pre s enc e o f  t annins and t annin 
de r ivat e s  in Qb / B l  s o i l  a�d rho dodendron l i t t e rs migh t  b e  
the c aus e o f  the general lack o f - growth by  Tsuga  s e edl ing s . 
The gre enhou s e  inve s t i gat i on ext ende d the o r i g inal 
conclu s ions p ropos e d  by  the l i t t e r  and s oi l  b io as s ays . 
Whi l e  b i oas s ays  indi cat ed  the pres ence and s easonal  fluctua ­
t ions o f  phyt o t ox ins in he a th b a l d  sub st rat e s , the gre en ­
hou s e inve s t i gat i on examined the e ffec t s  o f  c ont inual 
re s idence on s e e dl ing growth . In  general , re s ul t s  of  the 
gre enhou s e  inve s t i gat i on s upport conc lus i on s  from the b i o ­
as s ay s tudies . 
CHAPTE R XI I 
FIELD  INVEST I GAT I ON 
The preceding l ab o r at ory and gre enhous e inve s t i g a ­
t ions were des igne d to  examine phyt otoxicity  o f  indiv idual 
he ath b al d  c omponents  whi l e  minim i z in g  environme nt al s t re s s . 
I n  the he at h  b ald , environment al s tre s s  may inc r e as e  the 
e ffe c t ivenes s  o f  phyt o t ox in s . Phyt o t ox i c i ty can b e  enhanc ed  
or  retarded or  may rema in unchange d  by s uch fac tors  as  
mo i s ture , t empe rature , and nut r i ent availab i l i ty (Mul l e r  
1 96 9 ) . Effe c t ivene s s i s  increased  b y  drought , t emperature 
ext reme s , and nutri ent defic ienc i e s  whi l e  amp le and frequent 
moi s ture , adequa t e  nut r i ent s , and uni form t empe rat ures re ­
duc e  phytot oxi c i ty . 
A fi e l d  inve s t i ga t i on was conduc t e d  t o  det ermine the 
c omb ine d  e ffe ct s of  envi ronmental  for c e s  and s e l e c t  he ath 
b al d  component s on t he growth of c ompe t i t o r  s eedl ings . 
Info rmat i on from this  inve s t i gat ion coul d b e  emp loye d in 
conj unct i on with pre c e ding s tudie s  for further de finit i on 
and int e rp re tat i on o f  al l el opathic  int e r fe renc e at the 
s t udy s it e s . 
I .  MATE RI AL S  AND METHODS 
A 2 x 4 x 6 fact or i a l  exper iment was de s i gne d t o  t e s t  
the  respon s e  o f  s e edl ings o f  Ab i e s  fras eri , B etula l ent a , 
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and T suga c anadens i s  to c anopy , loc a t i on , and sub s t ra t e  
tre atments . C anopy treatment s c ons i s t e d  o f  canopy pres ­
enc e and ab s enc e . Loca t i on e ffe ct  was t e s t e d  by growin g 
s ee dl ings in b o t h  heath b alds and in the ad j acent Ab i e s  
and Que rcus / Be t ul a fore s t s  ( contro l ) . The s ix sub s t rate 
t re atment s we re s o i l  and l i t t e r  from each he ath b ald and 
s oi l s  from the Abie s  and QUercus /Betu l a  fore s t s  ( control) . 
Each t re atment was rep l i c ated  thre e t ime s . 
The e ffec t  o f  can opy was inve s t i gat e d  in p l ot s  con ­
s t ruc t e d  bene ath and b eyond the c anop i e s  o f  the two he ath 
b a l ds and the Ab i e s  and Que rc us / B etul a  fores t s . Can opy 
openings equ ival ent t o  1 . 5  t imes the he ight o f  the sur ­
rounding ve g e t at i ons were c ut around e ach p l o t . 
Locat ion e ffec t  was examine d by  cons t ruct ing a s tudy 
p l o t  in each o f  the four c l eared areas and b ene ath the 
c anop i e s  of b o th balds  and the two adj acent for e s t  communi ­
t ie s . A to tal o f  e i ght p l o t s  were con s t ruc t ed . 
Sub s t ra t e  cub e s , 1 0  x 1 0  x 1 0  em , we re exchanged 
among expe riment al  plot s . Cub es  were e i t he r  s o i l from one 
of the four c ommunit i e s  or l i tter from one o f  the he ath 
b al ds . S tudy p l o t s  were  c ompo s e d  of 54 indivi dual  cub e s , 
each p l anted with 1 0  s ee dl ings  o f  a s ingl e t e s t  s p e c i e s  
and init i al ly s aturated w i t h  d is t il l e d  water . The inve st i ­
gat ion was conduct ed fo r 1 5 0  days  for a l l  s p e c i e s . 
Aft e r  examinat ion o f  pre l iminary res ul t s , a two -way 
analys i s  of vari anc e was s e l e cted to t e s t  t he e ffe ct o f  
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locat i on and sub s t rate t re atment s on the growth o f  the t e s t  
s ee d l ings . Dunc an ' s  New Mul t ip l e  Range T e s t  was appl i e d  at 
the 5 %  l eve l to e ach t e s t  species  to me asure the di.ffe renc e 
amon g  sub s t rate  treatment me ans . 
I I . RESULTS AND CON CLUS I ONS 
All s tudy p l ot s with a c anopy resul t e d  in t o t al 
s e e dl ing mo rta l i ty .  In the ab sence o f  a canopy , s oil and 
l i t t e r  cub es fa i l e d  to e s t ab l i s h  cap il l ary c ontact with  sur ­
rounding s oi l s . Without mo is ture t rans fer int o the cub e s , 
s eas on al r ainfal l prove d inadequat e t o  prevent dehydrat i on .  
Shr inking acc ompanied  wat e r  lo s s ,  thus expos ing the cub e 
s ides  and acc e l e rat in g  the dry ing p ro c e s s .  Suppl ementa l  
wat e r  prov e d  ine ffect ive in promo t ing c ap i l l ary c ontac t  o r  
ove rcoming d e s i cc at ion . 
Res u l t s  o f  the s tat i s t ical  ana lys e s  are pres ent e d  in 
two -way analys i s  o f  vari ance tab l e s  for each t e s t  s pe ci e s  
( Tab l e s  2 2 , 2 3 , and 2 4 ) . The ana lyses  indi cat e n o  s ign ifi ­
c ant di ffe renc e among l o c at i ons . The s e  resul t s  s uppo r t  the 
gre enhous e and b i oas s ay findings that canopy dr ip from 
e i the r he at h  b a l d  doe s not s i gnificant l y  affe c t  s ee dling 
growth . Sub s trate  t reatment s were found to  have a s ign i fi cant 
(P < 0 . 0 1 )  e ffect  on s ee dl in g  growth o f  all t e s t  speci e s . 
The Dunc an ' s  t e s t  produc e d  s imi l ar resu l t s  for b o th 
Ab i e s  and B etula s ee dl in gs (Tab l e  2 5 ) . The cont rol  s o i l s  o f  
Ab i e s  and Qb /Bl  we re not s igni fi c ant ly di ffe rent from e ach 
TAB LE 2 2  
TWO -WAY ANALYS I S  O F  VARIAN CE W I TH RE PLI CAT I ON FOR 
ABIE S FRASE RI SUBJE CTED TO FOUR LOCAT I ON AND 
SIX SUBSTRATE TRE ATMENTS 
Source o f  Vari at i on d f  MS Fs 
T reatments 2 3  . 0 0 5 6 
A ( s ub s t rate ) 5 . 0 1 3 1  4 .  7 1  * *  
B ( l ocat i on)  3 . 0 0 23 . 8 3 ns  
AxB ( int e ract i on) 1 5  . 0 0 3 8 1 .  3 7  ns 
E rror  4 8  . 0 0 2 8 
Tot a l  7 1  
F. 01 [ 5 , 48] = 3 . 44 F . O l [ 3 , 48 ] = 4 . 24 F. ol [ 15 ,48] = 2 . 45 
TABLE 2 3  
TWO -WAY ANALYS I S  OF VARIANCE WITH RE P L I CAT I ON FOR 
BETULA LENTA SUBJE CTE D  TO FOUR LOCAT I ON AND 
SIX SUBSTRATE TREATMENTS 
S ource of Vari at i on 
Treatment 
A ( s ub s t rate)  
B ( locat i on) 
AxB ( int e r ac t i on) 
Error 
Tota l  
F .Ol [ 5 , 48] = 3 • 44 
df  MS Fs 
2 3  . 0 8 9 8  
5 . 3 3 1 6  2 0 . 7 2 * *  
3 . 0 4 19 2 .  4 8  ns 
1 5  . 0 1 8 8  • 7 2  ns 
4 8  . 0 16 9  
7 1  
F . o1 [ 3 , 48 ] = 4 . 24 F. 01 [15 , 48 ] = 2 . 45  
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TAB LE 2 4  
TWO -WAY ANALYS I S  O F  VARIAN CE W I TH REP L I CATI ON FOR 
TSUGA CANADENSI S SUBJE CTED TO FOUR LOCAT I ON 
AND SIX SUB ST RATE TRE ATMENTS 
Source of Variat ion d f  MS Fs 
Treatments 2 3  . 0 8 8 6  
A ( sub s t ra t e )  5 . 2 6 4 8  1 7 . 89 * *  
B ( l ocat ion) 3 . 0 5 7 3  3 . 8 7 ns 
AxB ( interacti on) 1 5  . 0 3 6 1  2 . 4 3 ns 
E rro r 4 8  . 0 1 4 8  
T o t a l  7 1  
F. O l [5 , 48] = 3 . 44 F. O l [ 3 ,48] = 4 . 24 F. Ol [15 , 48 ] = 2 . 45  
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TABLE 2 5  
ANALYSES  OF FIELD  STUDI ES ON THE DI FFE RENCES 
fu�ONG SOI L TREAT�ffiNT MEN�S EMPLOYING  
THREE TEST S PE C I E S a 
Species Substrate Treatment 
Abies fraseri 
Abies Qb/Bl � Rm Rc 
S01l soil litter soil litter 
�169 . 136 . 0 33 . 0 31 . 017  
Betula lenta 
Qb/Bl Abies Rc Rm Rc 
soil S01l soil soil litter 
. 042 . 028 . 003 . 001 . 001 
Tsuga canadensis 
Abies Rm Rm Qb/Bl Rc 
soil litter soil soil litter 
. 036 . 012  . 009 . 008 . 002  
aDifferences among treatment means were measured by 
Duncan' s New MUltiple Range Test applied at the 5% level of 
significance . 
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othe r but were  s i gnifi c an t ly dif fe ren t from a l l  o ther s ub ­
s t rate  t reatment s .  The s oi l  and l i t ter  sub st ra t e s  o f  Rc 
and Rm were not s i gn i f i c ant ly di ffe rent . The s e  analys e s  
ind i cate  that the envi ronment o f  adj ac ent for e s t c ommuni ­
t ie s  i s  mor e  favorab le to  the growth o f  Ab i es and B e tu l a  
s e e dl ings  than the he ath b a l d s . The sub s t rates  o f  each 
bald  were equal ly e ffec t ive in proh ib i t in g  se edl in g  growth 
dur ing the t e s t  pe riod . The l ack o f  di s t inct ion among he ath 
s ub s t rate t re atment s and s ub s equent ly b e twe en heath balds  
may be  p art i ally  att ribut ed t o  the exp e r imental  des ign and 
environment al  fac t ors . Use  o f  s ee dl ings pre vent ed det e rm ina ­
t ion  o f  influence s  that mi ght adve rse l y  affect  viab il i ty and 
germ inat ion o f  overwint e ring s ee d .  B io a s say inve s t i g at i ons  
indic at ed that growth of  germinat in g Ab ies  and Betula  s ee ds 
c ou l d  b e  inh i b i t e d  by winte r  and s pring l i t t e r  and soi l 
le acha t e s  o f  b o th balds . S eedl ings with unde rdeve lope d o r  
impaired  root  s ys t ems may not have t he c apab il ity t o  survive 
dur in g  periods of re duced  rainfa l l  ( July - Oc t ob er) . Fai lure 
o f  Abie s and B etula se e dlings to be come estab l ishe d i n  the 
he ath b a l d  sub s t rat es  dec reas e s  the c omp e t i t ive pre s s ur e  from 
the s e  spec i e s . 
The Duncan ' s  t e s t  s e g re gated Tsuga c anadens is  dat a  
into thre e  s igni fic antly di f fe rent g roups (Tab l e  2 5 ) . The 
gre at e s t  inhib i t i on was exhib ited by the group cont ainin g 
Rc s o i l  and l it t e r . The s econd mo s t  inh ib it ory group 
inc luded  Qb / B l  s o il and Rm s oi l  and l it t er . Ab ie s s o i l  was 
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l e as t  inhibi t o ry .  Thi s  anal y s is  indi cat es that the Rc 
he ath b al d  p rovid ed  the mo s t  unfavorable environment fo r 
Tsuga s eedl ings . The gre enhous e and b i oa s s ay inve st i g a ­
t ions gene ral ly agree with thi s  conc lus i on .  The Rm he at h 
b al d  was l e s s r e s t ri ct ive t o  s e e dl ing growth than the Rc 
b al d , a conc l us i on that i s  a l s o  re inforc ed by the previ ous 
inve s t i gat i on s . S o i l  from the Que rcu s b o r eali s/B�t ul a  l enta 
fo res t  was as unfavorab l e  t o  s ee d l ing growth as the Rm 
heath b al d . The inhib itory qual i t i e s  o f  this  s o i l  have 
b e en rec ogni z e d  in the gre enhous e inve s t i gat ion . 
The fie l d  inve s t i gat ion prov ides  the final dat a in a 
s e r i e s  o f  e xp e r iment s de s i gne d t o  as s e s s  the a l l e l opat h i c  
p o t ent i a l  o f  he ath b a l d  component s .  P revious  wo rks demon­
s t r a t e d  the pre s enc e , s e as onal fl uctuat i ons , relat ive 
rank ing , and l ong - t erm inh ib i t i on expre s s e d  by he ath b al d  
l i t t e rs and s o i l s . F i e ld s tud ie s examined t he c omb ine d 
e ffec t s of  he ath b a l d  c omponent s and env ironment al fo rce s  
on s ee dl ing growt h .  Re su l t s  show that a t  b o th heath b alds , 
inhib it i on was incre as ed . Previous ly  define d s i gn i fi cant 
d i fferenc e s  among heath b ald sub s t rates  were not  detectab l e  
for s e e dl ings o f  Ab ie s and Betula g rown on t h e  he ath b alds . 
CHAPTER XI I I  
SEED RAIN 
Mos t  inve s t i gat i ons of a l l e lopathy fai l to e s t ab l i sh 
the pres enc e  o f  invas i on pre s sure . L ack  o f  s e ed influx 
from adj ac ent c ommun i t ie s prec lud e s  c ons i derat i on o f  
al l e l opathy . 
The influx o f  s eeds into a c ommunity h as b e en a s sumed 
t o  be an env i ronment al con s t ant but one t hat has  rarely b e en 
me asur e d  (Wagne r 1 9 6 5 ) . With few excep t i ons , report s o f  
s e e d  rain have b e en res t ri ct e d  t o  d e s c rip t i ons of  s ingle  
s pe c ie s . The  net  re sult  has  b e en a gene ral l ack o f  c ompre ­
hens ive in format i on about the rate and c ompos i t i on o f  s e ed 
influx into p l ant commun i t i e s . 
B i l l ings and Mark ( 1 9 5 7 ) not ed  that s ee d  ava i l ab il ity 
can b e  an important fact or in the pers i s tence of  s outhe rn 
Appal ach ian t re e le s s  areas . They propos ed  that i f  the 
dec i duou s  fore s t  is de s t royed ne ar its upper l imits  or t he 
sp ruc e - fit for e s t  ne ar i t s  l ower  l im i t s , re e s t ab l i s hment may 
b e  retarded b ec aus e  the new envi ronment exc e ed s  the t o l e rance 
ran ge s  o f  the  s ee dl ings of  fore s t  dominant s .  De s t ruct i on of  
a fore s t ne a r  the t ol e rance l imits  o f  its  c omponent spe c i es 
whe the r along an e cotone b etween t wo for e s t s  or on the uppe r  
o r  l ower t imb e rl ine s c an p ro l ong suc ces s ional vegetat ion . 
The two he ath b al ds in th is  s tu dy occur in the e cotone 
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near the upper  l imi ts o f  the Que rcus bo real i s /B e tula l ent a 
fo res t  and the l owe r l im i t s  o f  the Abi e s  fr as e ri / P ic e a  
rub ens fo res t .  I n  th i s  e c ot onal po s it i on ,  invas i on. pre s ­
sure from t he surrounding for e s t s  could b e  d imini she d by 
ava i l ab il ity of viab l e  s e e d .  Fo r t h i s  reas on , an inve s t i ga ­
t ion was unde rtaken t o  e st imate the comp o s i t i on ,  rate , and 
t ot al  annual s eed influx int o s it es A and B .  
I .  MATE RIAL S  AND METHODS 
The 1 2  l it te rfall  b in s  des c ribed in Chap t e r  VI I a l s o  
s e rved as  s e ed rain c o l l ec t o rs . B ins  were s e rvic e d  at 
monthly int erval s  for one year . Seeds  were sort e d , ident i ­
f ie d ,  and t ab ul at ed . 
I I .  RESULTS AND CONCLUS I ON S  
Annua l  s eed  influx int o  the s i t e s  i s  p re s ent ed  in 
Tab l e  2 6 . A l imit ed numb e r  o f  s p e c i es were co l le ct e d at 
each s ite  and o f  thos e ,  only Ab i e s  fras e ri , B etul a lent a , 
P i c e a  rub ens , and as s ort e d  unident i fi e d  s p e c imens we re not 
e r i c ac e ous . The ab s ence of he rb ac e o us s e e d  and the lack o f  
s pe ci e s  dive rs ity in the c o l l e ct ion re fle ct s the age and 
comp o s it ion o f  the surrounding fore s t s . No atte mpt was 
made t o  inc o rp orate s e le ct ive s ampl ing t e chni qu e s  o f  the 
type de s c rib ed  by Wagne r ( 1 9 6 5 )  or Gant and C l e b s ch ( 1 9 7 5 )  
for smal l ae r i a l l y- borne s e e d .  
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TABLE 2 6  
ANNUAL SEED RAI N  O N  TWO HEATH BALDS 
Seeds Per Percent 
Location Species Hectare (lOS) of Total 
Site A .Abies fraseri 0 . 51 2 . 8  
BetUla lenta 4 . 06 22 . 6  
Pl.cea rilbens o .  71 4 . 0  
RhOdooendion maximum 9 . 64 53 . 7 
Vaccinium spp . 2 . 94 16 . 4  
OriJ.dentJ.tied spp . 0 . 10 0 . 5  
Total 17 . 96 100 . 0  
Site B .Abies fraseri 0 . 91 3 . 3 
Betula lenta 7 . 41 27 . 1  
P1cea ri1bens 1 . 93 7 . 1  
RhodOdendron catawbiense 7 . 31 26 . 8  
Vaccinium spp . 8 . 93 32 . 7  
Dnident1fied spp. 0 . 81 3 . 0 
Total 2 7 . 30 100 . 0  
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Comp ar i son o f  s eed rain value s from both s it es with 
tho s e  reported fo r a mature fore s t  c ommunity (Wagne r 1 9 6 5 )  
ind i c at ed no apparent di ffer ences in annual in flux . .  S it e  A 
had an annual  influx o f  1 7 . 9 x 1 0 S s e ed/ha and s it e  B ,  
2 7 . 3 x 1 0 S s ee d/ha . In  the mature for e s t  commun ity , Wagne r 
( 1 9 6 5 )  reported  1 6 . 9  x 1 0 S s ee d/ ha . 
The monthly in flux o f  non - e ric aceous s e e d  int o b o t h  
s it e s  i s  pre s ente d  i n  F i gure 8 .  With few exc ept ions , s e ed 
influx was continuous through the t e s t  per i od . Few s e eds 
were  c o l le c t e d  at ei the r l ocat ion dur ing the summer months , 
but count s incre a s ed dur ing the fal l and wint e r .  A maj o r  
influx occurred a t  s ite B dur ing the month o f  Feb ruary , 
which may be  due t o  shat t er ing o f  the pre vi ou s  yea r ' s  B etula 
lent a  c ones . 
The int r oduct ion o f  s e e d  from the dom in ant spec i e s  o f  
the surround ing fore s t s  e s t ab l i she s ava i l ab i l ity o f  com ­
pet i t o r  s e e d  on both  b alds . Al though t he c o l l e ct ion s  were 
not t e s t ed for v i ab i l it y , the quant i t y  of  inc oming s eed and 
the pre s enc e o f  Ab ies , Betul a ,  and P ic e a  in the unders tory 
(Tab l e  S ,  pag e  2 8 )  ind i c at e s  invas ion pre s sure from the 
adj acent fore s t s . 
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CHAPTER XIV 
D I SCUS S I ON 
Informat i on has b e en pres ent ed from l it e rature 
sour c e s  and analyt ical  inve s t i ga t i ons de s cr i b ing s outhern 
Appa l ach i an he ath b alds . E lement s of  t h i s  de s c r ip t i on 
will  now b e  examine d in the context o f  ecol o g ical  the o ry 
t o  det e rmine i f  they s at is fy cond it ions for pers i s t enc e . 
As stated  in Chapter  I I ,  Ho l l ing ' s  ( 1 9 7 3) d e fin i t i ons  o f  
dyn amic s t ab i l it y  and res i l i enc e wil l b e  us e d  t o  as s e s s  
pe rs i s t ence o f  he ath b al ds . Stab il ity is the ab i l i ty of  a 
sys t em to re turn t o  an e qu i l ib rium s t at e  fol l owin g  a 
temp orary d is turb anc e . The more r ap idly and dire ctly  the 
sys t em re turns to an e qu i l ib rium , the g reat er is  i t s  
s t ab il ity . The region i n  whi ch the equi l ib rium oc cur s  i s  
re ferred t o  a s  the doma in of  at trac t ion . Res i l i enc e is  
de fine d as  the  ab il i ty o f  a system  t o  ab s orb change and 
d i s t urbanc e whi l e  ma in t aining the s ame re lat i on ship b e twe en 
popul at ions or s t a t e  variabl e s , and s t i l l  pe r s ist . 
The two he ath b alds  describ e d  in this  inves t i gat i on 
as s i t e s  A and B wil l  s e rve as t e s t  c as e s  for pe r s is t ence . 
I .  S ITE A 
The influence of random event s on the Rho dod endron 
maximum hea t h  b al d  may be  the key e lement in t he pers i s t ence 
9 9  
1 0 0  
o f  th i s  system . Two types  o f  random d is turb an c e s  have been 
rep orted  that c ou l d  influence pe rs is tenc e . L and s l i de 
act ivity has b e en a maj o r  sys t em dis turb anc e on the. s ou t h ­
fac ing s l op e  o f  s it e  A .  Al l o f  the vegetat i on and mos t o f  
the s o i l  h as b e en los t from t he affe ct e d  areas . Res pon s e  o f  
the sys t em t o  t hi s d i s t urb ance has b e en re invas ion o f  the 
are a s  by the he ath bal d dominant s .  In  t he exp o s ed margins 
surrounding the l ands l i d e s  and on the remaining s o il , 
Rhododendron and Vaccinium are the dominant woody invade rs . 
Rap i d  re inva s ion and e s t ab l i s hment o f  the se  sp ec i e s  wi l l  
ins ur e  re covery o f  the sys tem t o  i t s  ori g inal  s t ate . 
The s ec ond typ e  o f  d i s t urb anc e  involve s l os s  of 
P ic e a  rub en s  as a canopy compe t i to r .  The cau s e  of thi s  
d i s turb ance wa s l o g g ing ac t iv ity , and the sys tem re spons e 
was c l osure o f  the canopy by Rhododendron . This re spon s e  
prevent s imme d i ate  re e s t ab l i s hment o f  P ic ea  b y  requ iring 
inva s ion b eneath the heath b al d  c anopy . Heath phytotoxins , 
accumu l at i on o f  l i tt er , and envi ronment a l  mod i ficat i on s  
contr ibute to seedling mo rtality and decrease the opportunit y  
for reestab l i s hment . This  s ituat i on i s  anal ogous t o  the 
shrub heath b a rrens o f  Newfoundl and ( P e t e rs on 1 9 6 5 ) that 
fo rme d fo ll owing de s t ruct i on of  the fore st . 
All e l op at h i c  int e rference is anothe r influence in the 
ma int enanc e of t h i s  he ath b al d .  Phyt ot oxins p r e s ent in 
heath b al d  l i t t e r  and s o i l  h ave b e en shown to inh ib it the 
germinat ion of the s e e ds o f  woody compe t i t o rs . Environment a l  
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forc e s  int e ract  with phyt ot oxins t o  furth e r  reduc e sur vival 
and e s t ab l is hment o f  compet i tors in t he communi ty . Thi s  
st ra t e gy for pers is tence has proven e ffec t ive again s t  a l l  
for e s t  as s o c i at es except P ic e a  rub ens . The re s i s tance o f  
P i c e a  t o  the exis t ing chem i c al -phys ical  cond it ions at s i t e  A 
i s  evident by  its  pres enc e in the und e rs tory .  The p re s ence 
o f  P ic e a  ind i c a t e s  a deficiency in the al l e l opath i c  int e r ­
ference mechan i sms o f  t h i s  sys t em .  Al thou gh al l e lo p athy 
contr ibut es to maintenanc e of t h i s  s ys t em by part i a l ly re ­
duc ing invas ion pres sure , it  i s  inc ap ab l e  o f  sus t ainin g  the 
current cond i t i on .  Reduc ing invas ion pre s sure prolongs 
he ath dominance and inc re as e s  the prob a b il ity of random 
event s c ont r o l l ing the pres ence o f  P i c e a .  I f  Pic e a  is  not 
c ont ro l l ed by othe r force s ,  it may eventu all y  dis rupt the  
ex i s t ing he ath b al d  community . 
In Chap t e r  VI , the Rhododendron maximum he ath bald was 
c omp are d to Wh i t t ak e r ' s de s cr ipt ion of a spruce - rho dodendron 
fore s t  he ath c ommuni ty . In that d i s cu s s ion , it  was prop o s e d  
that continued suc c e s s  of  P i c e a  rub ens at s it e  A c oul d re s ul t 
in e ventual devel opment o f  a fo res t heath . This  trans i t i on 
from heath b al d  t o  fore s t  he ath indicat e s  ins t ab il i ty o f  the 
sys t em .  Howeve r ,  the fo res t  he at h  shoul d not be int erpre t e d  
as  a s eparat e sys tem c ompe t ing wi t h  the heath b ald but as  a 
s e c ond equi l ib rium condi t i on ( domain o f  at t ract i on) in which 
Rho dodendron maximum is a c o - dominant with P ic e a . The 
tendency for the sys tem to move cont inual ly t oward t he for e s t  
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heath indic at e s  that i t  o ccup i e s  a l owe r ene rgy leve l o r  
a more  stable  st at e  t han the heath b al d .  Whe ther  the s ys t em 
wil l  achieve the fo res t heath and e s t ab l ish  a s t ab l e  equ i l i ­
brium may b e  det e rmine d by random event s . The random pe r ­
turba t ions caus ed by l andsl ide s , fi re s , drou ght , and ins e c t  
att ack would  move the system t oward t h e  he ath b a l d . By 
responding to  dis turb anc e  in thi s manne r ,  the  sys t em can 
move from one equ i l ib rium condit i on int o anothe r  and so 
pe rs i s t  in a chan ge d  c on fi gurat ion . 
I I . S ITE B 
The Rho dodendron c a t awbiens e hea t h  b al d  represents a 
fund amentally  di ffe rent community from t hat d e s c ribe d  at 
s it e  A.  Whi l e  phyto toxins  contr ibute  onl y  t o  the temporar y  
maintenanc e o f  A ,  a l l e l op athic  int e r fe rence p l ays a dec i s ive 
rol e  in the pe rs is tenc e o f  t he he ath b a l d  on s i t e  B .  The 
phyto t oxins p roduc ed  at B int e ract  with c l ima t i c  fo rc es  t o  
prevent succe s s ful e s t ab l i shment o f  woo dy comp e t it o rs . The 
e ffec t ivene s s  of thi s int e ract ion is evident in T ab l e  5 ,  
page  2 8 , where  t he maj or c ompet it ors , Ab ies fra s e r i , B etul a 
l enta, and P i c e a  rub ens provide a c omb ined repr e s ent at i on o f  
l e s s  than 0 . 7 % o f  the s amp l e . Succ e s s ful inhib it ion o f  
comp e t it ive spe c i e s  indica t e s  a hi gh de gr e e  o f  s ystem 
re s i l i ence . 
The c apac i t y  for re invas ion fol l owing a phys ical d i s ­
turb ance is  a k e y  requirement for the re c ov e ry of  any sys t e m .  
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Suc c e s s ful re invas i on o f  di s t urbed areas  is evident in the 
mar g ins of l ands l ide  are as whe re Rhod odendron and Vacc in ium 
are the prima ry wo ody invade r s . L ack  o f  int e rme di ate  suc ­
c e s s ional s t ag e s  a l l ows the system t o  re turn rap idly and 
dir e c t l y  t o  the o r i g inal equ i l ib rium s t at e . Thi s one - s tep 
s e quence indic at e s  s t ab i l i ty of t he heath b ald c ommunity . 
The b ehavior  of  this  h igh ly re s i l i ent sys t em sug ge s t s  
a s ingle  di s t inct domain o f  at trac t i on , determine d by  the 
int e ract i on b e twe en a l l e l opat hic  int e r ference and c l imat i c  
condit i ons . When c l imat e suppl ement s a l l e lpathy , the sys t em 
wil l  inhi b i t  invas ion and pers is t .  Long - t erm c l imat ic  
change s could  di s rupt the  al l e lopat h i c  int er fe renc e mechanism  
and inc rea s e  invas ion pre s sure from adj acent for e s t  a s s o c i ­
ate s . With onl y  one domain o f  at t rac t i on , the sys t em face s  
ext inc t i on without cont inual expre s s ion o f  a l l e l opathic 
int e rfe renc e . 
By d emon s t rating b o t h  res i l ience and s t ab i l i ty , the 
Rhododendron cat awb iens e he ath b a l d  appe ars c ap ab l e  o f  sus ­
t a ining it s e lf and pers i s t ing ove r  t ime unt il  phys ical d i s ­
turb ance re s t arts the s e quenc e . 
I I I .  S OUTHERN APPALACHIAN HEATH BALDS 
The two preced ing examp l e s  ind i c ate that he ath balds  
are  mo re c omp l e x  and dynam i c  than has b e en previ ous ly sug ­
g e s t e d .  For  t h i s  reas on , the pres ent conc ept s of  he ath b a ld 
ex i s t ence require mod i f i ca t i on t o  p rop e r ly rec o gn i z e the 
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importance o f  the s e  c ommunit ies  in the ve getat ion o f  the 
southern Appal ach i an Mount ains . A maj o r  cons ide ra t i on in 
any new int e rpretat ion mus t b e  the re c ogn it i on that ·  he ath 
b al d s  can o c cupy more th an one s t age in the suc c e s s ional 
s equence of the regional ve getat ion . 
Heath b al d  spe c i e s  are oppo rt un i s t ic invaders whi ch 
gain a c omp e t i t ive advantage by  e ffic ient s e e d  d i spers al  
and succ e s s ful  s e e dl ing e s tabl i shment in dis t urb ed  areas . 
Rap i d  s eedl ing growth insure s deve lopment o f  a c l os e d  he ath 
c anopy and the re sul t ant format ion o f  a he ath b a l d .  Heath 
b a l d  s pe c ies  incap ab l e  of maint aining dom inan c e  by  suppres ­
s in g  c ompet i t o r s  wil l  b e  repl aced by  the adj ac ent for e s t  
community .  This  t ype o f  invas ion s t rate gy h a s  b e en des c r ib e d  
by  C onne l l  and S l ayte r ( 1 9 7 7) in the i r  To lerance Model  o f  
suc c e s s ion .  In t h i s  c oncept , suc ces s ional  change  b e gins as 
a re sult  of d i st urbanc e and l e ads to a c ommuni t y  c ompo s ed o f  
t h o s e  spe c i e s  mos t e ffic ient i n  exp lo it in g  re s ourc es . Balds  
deve l op e d  unde r  the s e  cond i t i ons are  uns t ab l e  communit ie s  
that repres ent a d i s t inct su'c c e s s ional s t age which  i s  no t 
the c l imax ve g e t at ion and i s  not exp e c t e d  t o  per s i s t . 
A mod i fied form o f  the  To l e rance Mod e l  ( C onne ll  and 
S l a yt e r  1 9 7 7) d e s crib e s the he ath c ommunity at s it e  A .  Thi s  
typ e  o f  he ath b a l d  fo l l ows a s econdary suc ce s s i onal  pat t e rn 
p ro duc e d  b y  de s t ruct i on o f  the fores t c anopy . The previ ou s l y  
e s t ab l i she d he ath unde rs t ory c l os e s  the canopy and as sume s 
the confi gur at i on o f  a h e ath b al d .  B y  suppre s s ing the 
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e s t ab l i shment o f  compe t i t o rs , al l e l opat h ic int e r fe rence 
cont ribut es  t o  the maint enanc e  o f  thi s c ommun i ty . B ec aus e 
the inte rference i s  incomp le t e , P i c e a  rub ens w i l l  be come 
e s t a b l i s he d  and e ventu�lly b ecome the c an opy dominant . 
Unl ike the T o l e rance Model , the hea th spe c ies  are not 
e l iminat ed  from t he later fores t commun i t y .  Shade t o l e r ­
anc e and longevi ty enab l e  t h e  he ath spe c i e s  t o  per s ist  
beneath the P i c e a  c anopy unt i l  dis turbanc e res t art s the 
s e quenc e . C ommun i t ies o f  thi s typ e  wi l l  pe rs i s t  and recur 
in the he at h  bal d domain whenever the sys tem is pe rturb e d .  
A third type o f  heath b ald community  was des cr ib ed 
at s it e  B .  The Rho dodend ron c at awb i ens e he ath b al d  is  a 
cl as s ic examp l e  o f  Conn e l l  and S l ayt e r ' s  ( 1 9 7 7 ) Inhib itory 
Mode l  o f  suc c e s s ion . In  t h i s  mode l , the primary inv aders  
of  dis turbed area s  gain and ma inta in c on t ro l  of  th is  space 
by modi fying the env ironment . The int e r ac t i on o f  a l l e l opathic  
int e r ferenc e and environm ent al s t re s s pre vent s the succ e s s ful 
es t ab l i shment of  c ompe t i t ive spec ie s and e ffec t ive ly arre s t s  
suc c e s s ion . The repro duct ive s t rat e gy o f  the he ath spe c i es 
c ont ributes  t o  the cont inuanc e  of  t h i s  communi ty typ e . 
Produc t i on o f  nume rous s e e d  and e ffe ct ive s e e d  d i spersal  
al l ow s  rap id c o lon i z at ion o f  dist urb e d  area s . Rhi z ome 
deve l opment p e rmit s  sel f- rep l ac ement o f  heath shrub s los t by  
de ath and dis turb anc e (Horn 1 9 7 4 ) . Another suc c e s s ful com­
p e t i t ive strat e gy is  the longevity of  he ath spec i e s  (Drury 
and N i s b e t  1 9 7 3 ) . The l onge r l i fe span o f  the he ath sh rub s 
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de l ays suc ce s s i onal change b y  ext ending the pe r i o d  o f  
dominance .  The Rhododendron c·atawb i ens e he ath b al d  repre ­
s ent s a c ommunity  that arre st s  succes s ion with a comb ina ­
t i on o f  c omp e t i t ive fac t o r s  such a s  wide d i spe r s al o f  
s e e d , rap id growt h , s e l f- replacement , alle lopathic  int e r ­
fe renc e , and l on g  l ife . The s e  fac t o r s  permit  the Rhodo ­
dendron to b e  both " e ar l y  succ e s s ional" and " c l imax  spe c i e s "  
at s it e  B (Dru ry and N i sb e t  1 9 7 3) . C ommunit i e s  of  thi s  
typ e  repre s ent s t ab l e  s ys tems that are in equ i l ibrium and 
c an be expect ed t o  pe rs is t . 
The s e  examp l e s  o f  he ath b al d  commun i t ie s i l lus trate  
dive rs i ty among c ommunity typ e s  and thei r  d i f fe rent rol e s  
in the suc c e s s ion o f  re gi onal reve t at ion . Heath b alds  
d ominated by Rhododendron c at awb iens e us e al l e l opathic 
int e r fe renc e and envi ronment al s t re s s  t o  maint ain thems e lves 
as d is t inct shrub c ommun it ie s . The se communit i e s  repre sent 
spe c i fic  example s in whi ch suc ce s s ion has b een succ e s s fu l ly 
arre s t e d . By preventing furthe r  suc c e s s ion , the s e  he ath 
balds  e s t ab l i sh thems e lves  as true c l imax ( sensu C lement s 
1 9 1 6 ) communit ies . Heath b al ds dominat e d  by  Rhododendron 
max imum do  not re s is t  invas ion o f  for e s t  compe t i t or s  and 
the re fore c annot maint a in thems e lve s . C ommun i t i e s  of  t h i s  
typ e  are truly succes s ional . 
All e l op ath i c  int erfe renc e has b e en i dent i f i e d  as  a 
cont ributing fact o r  in the pers i s t enc e o f  some he ath b al d  
communit ies . However , th is inves t i ga t i on c annot de finit ive ly 
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e s t ab l i sh al l e l opathy a s  the cont ro l l ing factor  in the s e  
c ommuni t ie s . Bec ause c hemical  analys e s  were  not quant i t a ­
t i ve , b i oas s ay and fie l d  data c annot b e  comp l e t e l y  -suppor t e d . 
Ac i d i c  s oi l s  o f  the he ath b al ds  may re duce avai lab i l ity o f  
nut rient s , pro duce  t ox ic  concent rat i ons o f  me t a l s b y  di s ­
s o l ving aluminum and i ron , and inhib i t  a ct ivi ty o f  so i l  
mic ro organ i sms (Co s t ing 1 9 5 6 ) . The s e  and othe r  fac tors 
are rec o gni z e d  as pos s ib l e  cont r o l l ing in flue nc e s  in the 
ma intenanc e and pers i s t enc e of he ath b alds . Furthe r in­
ve s t i gat ion wi l l  b e  requi re d to e s t ab l i sh the role  of the s e  
fac t ors in he ath b ald c ommuni t ie s . 
The broad e c o l o g i c al ampl i tude o f  he ath b a l d s  su g ­
ge s t s  that they may fil l s t i l l  o the r ro les  i n  the dive rs e  
vege tat i on o f  the s outhe rn App al achian Mount a ins . Heath 
b alds  can no l onger  b e  treat e d  as  anomal ies  in t he climax 
fo res t but mus t  b e  rec o gn i z e d  as a c omp lex a s s emb l a ge o f  
shrub - dominat e d  commun i t ies . The impo rtance o f  he ath b ald s 
c an only b e  as s e s s e d  by  furthe r inve st i g at ion o f  thos e force s  
that a l l ow the communit ie s t o  exi s t  and pers is t in comb ina ­
t ion with the fo re s t . 
IV . RE COMMENDAT I ONS FO R FUTURE RESEARCH 
This  inve s t igat i on indicate s the complex ity of he ath 
b al d  communi t i e s  and t he general lack o f  informat ion ab out 
the ir ro le  in the vegetat i on of the s outhe rn Appalachian 
Mounta ins . The re sult s and conclu s i on s  pres ent ed he re po s e  
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furt he r que s t i ons about the funct ion ing o f  individual 
c ommun i t i e s  and the ir re l at i onship with the r e g i onal ve ge ­
t at ion . Maj o r  are as that re quire fur the r inve s t igat i on 
are the s e : 
1 .  Phyt o t ox in C oncentrat i ons - - The phyt ot oxins 
i dent i fied  in he ath b a l d  l it t er and s o i l  should 
be analy zed  to det ermine individual conc ent ra ­
t ions  during d iffe rent t ime s o f  the ye ar . C on ­
centrat i on dat a c ould then b e  us ed  t o  i dent i fy 
the c ompound s with the b e s t  opport unity  t o  
p roduc e al l e lopat h ic int e r fe renc e . 
2 .  Model ing o f  He ath Bald  B io chemi cal  Dynam ic s - ­
I nformat ion ob t ained from this inves t i gat ion 
comb ine d with quant i tat ive dat a coul d  b e  us e d  
t o  deve l op a c omput er mod e l  o f  he ath b ald c om ­
muni t ie s .  The model  could then s e rve a s  a t ool  
fo r fur the r  inve s t i g at ion o f  the se  c ommunit ie s , 
wit h  spe c i fi c  app l ic at i on t o  management pra ct i c e s . 
3 .  Alt ernat e Inte rference Mec hanisms - -Othe r pot ent i a l  
s ourc e s  of h e at h  b al d  maintenanc e  such a s  met a l  
t oxic it y ,  nut r i ent ava i l ab i l it y .  and pre dat i on 
o f  invad ing s eeds should b e  inv e s t i gat e d .  
4 .  H e at h  Bald Invent ory- - A  sur ve y sh oul d b e  und e r ­
taken t o  de s c r ib e  the d i f fe rent types  o f  he a th 
b alds that occur in the southe rn Appa l ac h i an 
Mounta ins . A comp i lat ion o f  the di fferent 
community  typ e s  and the ir charac t e ris t ic s  
wou l d  ind i c at e  the importance o f  he ath balds  
in  the re gi onal veg e t at ion . 
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Undoub t edl y , the re are many othe r inve s t i g a t i on s  
that could b e  con duc t e d  on  he ath b a l d s  that d o  n o t  re lat e 
t o  the i r  rol e  in s ucc e s s ion and s t ab i l i t y .  Howeve r ,  any 
re s e a rch  conduc t e d  on he ath b alds  should con s ider  thos e 
prop er t i e s  that al l ow t he s e  c ommun it i e s  to  maint a in them­
s e lve s and pers is t . 
CHAPTE R  XV 
SUMMARY 
1 .  The he ath b a l ds o f  the s outhe rn App alach i an Mounta ins  
pro vide a d i s t inct c ont ras t to the  surrounding  for e s t s .  
The ex i s t enc e o f  the s e  s hrub - dominat e d  c ommunit ies in 
the eas t e rn dec iduous fore s t  b iome sugg e s t s  the pre s ­
enc e of  an int e rfer enc e me chani s m .  
2 .  Al l elopat h i c  inte r fe rence wa s inv e s t i g at e d  a s  a pot ent ial 
fac t or in the maint enance and pe rs i s t enc e of  he ath b a l ds . 
Two p rop e r t ies  of  e c osys tem b ehav ior , res i l i ence and 
s t ab il ity , we re s el e c t ed t o  as s e s s  the pers is tenc e  o f  
he ath b alds . The s e rel at ive me as ure s o f  pers i s t ence and 
the rol e that a l l e lopathy p l ay s  in t hem wa s examine d .  
3 .  B io chemica l surveys o f  the dominant heath gene ra ,  Kalmia  
and Rho do dend ron , r ev e al e d  many p o t ent i a l l y  phyto t oxic  
comp ounds . B oth genera cont a in represent a t ives from 
such import ant chemi cal group s as pheno l s  and pheno l i c  
ac ids , terpenoids and ste roids , and toxic glycosides .  
4 .  Two he ath b al d  c ommunit ies  loc at ed in the B al s am Moun­
t ains of  we s t e rn North Car o l ina were s e le ct e d  as  t e s t  
c as e s  for invest i g at ion o f  al l e l op athy . The two balds  
were s e le c t ed b ec au s e  of  the i r  proximity and b ec aus e 
they repres ent communit ies  dominat e d  by  a s ingle  he ath 
spec i e s . 
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S .  F l o r i s t i c  and veg et at i onal surveys indi cat e d  that the 
s it e  de s i gnated A was dominat e d  by  Rho do dendron max imum 
whi l e  s it e  B was dominat e d  b y  Rho do dendron c a t awb i ens e .  
6 .  C anopy drip was inve s t i gate d for pre s ence o f  phyto ­
t ox ins and fo r pot ent i al ly inh i b i t o ry e ffe cts  on 
germinat ing s ee ds of t e s t_ sp e c ies . Thre e phenol ics , 
hydroqu inone , p -hydroxyb en z o i c  aci d , and rhodod endro l 
were det e c t ed . The phyt otoxins  in canopy dr ip wer e not 
su ffic ient t o  s igni f i c ant ly a ffect  rad i c le growth in the 
thre e t e st spec ie s . 
7 .  Both  heath b al d  c anop ie s cont r ibut e d  phyto t ox ins t o  
l it t er and s o i l  b y  l o s s  o f  l e aves , fl owe r s , and woo dy 
mat erial s . The maj o r  c ont ributor to the l i t t e r  of b o th 
he ath b alds  was Rho dodendron le aves . The p e r i o d  o f  
great e s t  l it t e rfal l o c curred b e tween June and Oct obe r 
and corre spon ded to  t he e arly and l at e summe r she dding 
o f  Rhododendron l e ave s . 
8 .  Phyt o toxins c ontr ibut e d  from the canopy we re not re t ained 
in the l it t e r  but we re l o s t  by l e aching and mic rob i a l  
degradation . Cont inual  influx o f  l i t t e r  from the- c an opy 
supported b y  a surge in �he fal l e s tab l i she d an inh ib i ­
t i on p at t e rn .  Maximum inhib it i on oc curre d in the summe r ,  
decl ined in the fal l and wint er , b e fore  inc r e as ing in 
spring . 
9 .  The dominant sp e c i e s  o f  both heath b al ds pos s e s s e d  
c omp le x  and ext ens ive ro ot  syst ems . Rho dod endron roo t s  
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we re found t o  c on t a in pheno l i c  and t e rp enoid phyt o ­
t oxins c apab l e  o f  supp ort ing al l e l op ath ic  int e r fe renc e 
in t he s o i l . The fi rs t 2 0  em o f  s o i l  wer e  expe-c t e d  t o  
b e  the mos t inhib i t o ry t o  the germinat ing and burie d 
s e eds o f  woo dy compet it o rs . 
1 0 . So i l  l ea chat e s  from each he ath b a l d  inhib i t e d  r adi c l e  
g rowth o f  a l l  t es t  spec ies . Stat i s t ica l analys e s  
indi cate d  s i gn i fic ant di fference s  b e twe en t he s o i l s  
o f  e ach b al d  but no t b e tween s ampl ing periods . No 
s e as on al inhib i t ion p at tern was det ec t e d  in the soi l s  
o f  e ithe r he ath ba l d .  
1 1 . Stat i s t i c a l  analyse s o f  s o i l  and l it t er data reve al e d  
s igni f i c ant di fference s  b etween t h e  t reatment s but not 
b e tween the ir inte rac t i ons . Adj us t ing dat a fo r pos s ib l e  
t ime - l a g  e ffe c t  p roduc e d  n o  s igni f i c ant c orrelat i on s  
b e tween t he s o i l  and l it t e r  t reatments o f  e ither b al d .  
1 2 . Demons t ra t i on o f  cont inuou s inh ib i t i on b y  s o i l  le achat e s  
o n  radic l e  growth o f  t es t  spec ies  sugge s t s  t he e x i s t ence 
o f  a succes s ful al l e l op at h i c  int e r fe renc e me chani sm in 
the s o i l  o f  both  he ath b ald c ommuni t ies . 
1 3 . Bi oas s ay s ens i t ivity ana lys e s  we re conduct e d  on f iv e  
phenol ic  compounds frequent l y  det e c t e d  i n  he ath b ald 
l eachat e s . Thre e comp ounds , p -hydroxyb enzo i c  acid , 
rho dodendrol , and vani l l ic a c i d  con s is t ent ly inhib i t e d  
the t e s t  spec i e s  whi le gal l ic ac id and phl o ro gluc inol 
demons trate d  l imi t e d  t oxi c i ty . 
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1 4 . The long- t e rm e ffe ct  o f  canopy dr ip and s oi l  t reat ­
ment s on s ee dl ing growth was examined in a gre enhous e 
inve s t i g at i on . C anopy drip was not found t o  b e  s i g ­
n i fican t ly di ffe.rent fro m the cont ro ls whi le s oi l  
t r e atment s  we re highly s ign i fi c ant . Resu l t s  o f  the 
gre enhous e work extended the o r i g ina l c onc lus i ons  pro ­
pos ed in inve s t igat i ons o f  s o i l  and l it t e r  l e achate s .  
1 5 . The ine ffe c t ivene s s  of  c anopy drip  as a pot ent i al 
a l l e l opathic int e rfe renc e mechan i sm was c onfirme d in 
the fie ld inve s t i g at i on .  In t h i s  study , s o i l  t reat ­
ment s we re found t o  h av e  a s i gn i f i c ant e ffect  on the 
growth of al l t e s t  spec i es . The c omb inat i on of s o i l  
and environment al  s t re s s  inc reas e d  inhib it i on o f  
s ee d l ing growth a t  b o t h  heath b alds . 
1 6 . Inve s ti gat i on of  annual s e e d  rain a f firme d the pre s ence 
of  cont inual invas ion pre s sure  from the incoming s e e d  
o f  the surrounding fores ts . 
1 7 . B ehavi or  o f  the Rhododendron maximum he ath c ommunity 
sugge s t s  a c omp l e x  s ys t e m ,  p o s s e s s e d  of at l e as t two 
d i s t inct  d omains of att ra c t i on . The current he ath b a l d  
c onfigurat i on refl e c t s  the sys tem ' s re s p ons e t o  pre v ious 
disturbances . The sp ruc e - rho do dendron for e s t  he ath 
c ommun i t y  represent s  the sec ond and mos t  s t ab l e  doma in 
o f  at trac t i on .  The syst em w i l l  cont inual l y  migrate  
towards t he fo rest  he ath doma in unl e s s  dis turbance 
forces it  int o  the he ath b al d  domain . In t h i s  manne r ,  
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the sys t em c an re s p ond t o  di s t urb anc e  and pe r s is t  in a 
c hange d configurat ion . 
1 8 . A l l e lopath i c  inte rference de lays suc ces s iona l re pl a c e ­
ment of  the  Rho do dend·ron maximum he ath b a l d  by  par t i al ly 
suppre s s ing the e s t ab l i s hment and growth o f  for e s t  
compe t it ors . Heath bal ds dominat e d  by  Rhodo dendron 
max imum c annot main t a in thems e lve s and r epres ent t ruly 
succes s i on al c ommunit ie s . 
1 9 . The Rho dodendron cat awb i ens e he ath b a l d  i s  a s ys t em with 
a s ingle doma in o f  a t t ra ct i on , d e t ermine d by  the int e r ­
act i on b etween al l el opat h i c  int e r fe renc e and c l imat ic 
c ond i t i ons . Al l e l opathy cont ributes  to s ys te m  re s il ience 
and i s  a maj o r  force  in ma int a ining the equi l ib rium 
s tab i l i ty o f  this  conunun ity . The Rhododendron  c at awb iense  
he ath b al ds repres ent s t ab le commun it ies  that  arr e s t  
succ e s s ion , maintain thems e lve s , and can b e  expected  
t o  pers is t in the southe rn Appal achi an fo r e s t s . 
2 0 . The res ult s o f  this  inve s t igat i on p o s e  que s t i ons about 
the current int e rp re t a t i ons  of he ath b a l ds in the 
s outhe rn Appal achian Mount ains . Demon s t ra t e d  diver s i t y  
among heath b al ds and the i r  d i fferent roles  in the ve ge ­
t at ion o f  t he reg i on requ i re fur t he r  de fini t i on o f  the s e  
c onununit i e s . Heath b alds mus t b e  re c o gn i z ed as a com ­
p l e x  as s emb l age o f  sh rub - dominat e d  he ath commun i t i e s . 
The importance of  the he ath balds  can onl y  b e  as s e s s ed 
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b y  further inve st igat i on o f  thos e fo rces that a l low 
thes e  c ommunit ies  to exis t and per s is t  in c omb inat i on 
w ith the c l imax fo re s t s  o f  t h i s  r e gi on .  
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